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Abstract 

A performance and metabolism study were performed to evaluate the effects of sugar beets 

on steer backgrounding performance, sheep nutrient metabolism, and rumen fermentation 

characteristics. In both experiments, four dietary treatments were used where sugar beets 

replaced 0% (0SB), 15% (15SB), 30% (30SB), or 45% (45SB) of barley on a DM basis. 

Forty-eight Angus steers were used in a completely randomized design to conduct the 50 d 

performance study. Neither ADG nor G:F were effected (P ≥ 0.33) by treatment. In the 

metabolism study, a 4 x 4 replicated Latin Square design was used to observe the effects of 

increasing dietary inclusion of sugar beets on the nutrient metabolism and ruminal ferme 

ntation characteristics of eight growing wethers. A cubic effect (P = 0.04) was observed for 

nitrogen balance. Propionate concentration decreased linearly (P = 0.05) with increasing 

sugar beets in the diet. The acetate to propionate ratio increased linearly (P = 0.03) with 

increasing sugar beets in the diet. Butyrate concentration demonstrated a treatment × time 

effect (P = 0.01), where butyrate concentration increased with increasing sugar beets in the 

diet at 1300. Rumen pH exhibited a quadratic effect (P = 0.05) at 1300 h, with 15SB having 

the greatest pH and 45SB having the least pH. Our results allow us to conclude that replacing 

barley with sugar beets up to 45% of the diet dry matter will have no deleterious effects on 

steer backgrounding performance or sheep nutrient metabolism, but may alter rumen 

fermentation patterns. 

Keywords: steer; performance; sheep; nutrient metabolism; rumen characteristics; sugar 

beets 

1. Introduction  

Montana is a major producer of sugar beets in the Northern Great Plains (5th in the US; 

USDA, 2015a). During the 2014-2015 sugar beet harvest, approximately 20.5 million 

kilograms of sugar beets were not harvested (USDA, 2015b). Feedstock opportunities exist 

considering the energy content of sugar beets (81% total digestible nutrients; Lardy & 

Schafer, 2008), as the non-harvested sugar beets could provide a readily available feedstuff 

for cattle and sheep producers that could potentially replace more traditional feedstuffs such 

as barley or corn. Minimal research has been conducted on the effects of feeding sugar beets 

to ruminant livestock. Sugar beets differ from traditional feedstuffs due to their moisture 

content (70-80% moisture; Lardy & Schafer, 2008) and how they store energy in the form of 

sugar rather than starch (12-20% sugar; Agribusiness Handbook, 2009). In addition, sugar 

beets contain considerably less protein than barley and corn (barley 14.0% crude protein (CP), 

corn 9.8% CP; NRC, 2000; sugar beets 6.8% CP; Lardy & Schafer, 2008).  

Many studies have observed no negative effects on steer backgrounding performance or 

nutrient metabolism when sugar beets or sugar beet pulp replace more traditional energy 

sources (Huhtanen et al., 1988; Olfaz, Ocak, Erener, Cam, & Garipoglu, 2005; Arrizon et al., 

2012). In addition, other studies have observed many differences between the effects of sugar 

and starch on ruminal fermentation patterns (Vallimont et al., 2004; Ribeiro, Karnati, & 

Eastridge, 2005).  
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Based on energy density, sugar beets may provide an excellent alternative to more traditional 

energy sources. Due to the chemical nature of sugar beets, we hypothesized that feeding 

increasing levels of sugar beets would have no deleterious effects on steer feedlot growth or 

sheep nutrient metabolism. Therefore, the objective of this study was to evaluate the effects 

of sugar beets on steer backgrounding performance and sheep nutrient metabolism. 

2. Materials and Methods 

All procedures were approved by the animal care and use committee of Montana State 

University (#2015-AA09 & #2016-AA09). 

2.1 Backgrounding Trial  

2.1.1 Animals and Diets 

Forty-eight Angus steers (260.7 ± 3.4 kilograms; kg) were used in a completely randomized 

design for a 50-day (d) study with animal as the experimental unit. Steers were weighed on 

consecutive days on d -1 and 0. Steers were stratified by body weight (BW) and assigned to 1 

of 8 pens (6 steers per pen) equipped with GrowSafe (GrowSafe Systems Ltd., Airdrie, AB 

Canada) units to allow for individual feed intake measurement starting on d 0. On d 0, pens 

were allotted to one of the four dietary treatments (n = 12 steers/treatment; 2 pens/treatment: 

Table 1): 1) 0SB: control diet with no sugar beets and 45% barley; 2) 15SB: 15% sugar beets 

and 30% barley; 3) 30SB: 30% sugar beets and 15% barley; and 4) 45SB: 45% sugar beets 

and 0% barley. Sugar beets directly replaced rolled barley on a DM basis. All dietary 

treatments were formulated to meet or exceed the nutrient requirements of a 295-kg steer 

gaining 0.91 kg/d (NRC, 2000). Steers had continuous access to water and shelter. Sugar 

beets were processed through a commercial wood chipper to reduce the particle size. Steers 

were weighed on consecutive days at the beginning of the trial (d -1 and 0), mid-point (d 26 

and 27), and end (d 49 and 50) of the trial. Individual dry matter intake (DMI) and kg of gain 

per kg of DMI (G:F) of each steer was calculated. Two steers were removed from the study 

due to non-treatment related illness. Ration samples were collected weekly, composited by 

treatment by period, and dried in a forced-air drying oven at 60°C for 48 hours to determine 

dry matter (DM). 
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Table 1. Ingredient and nutritional composition of diets fed to backgrounding steers (DM 

basis) 

 Dietary Treatment
1
 

Item 0SB 15SB 30SB 45SB 

Ingredient, %     

Sugar beets
2 

― 15.0 30.0 45.0 

Rolled barley
 

45.0 30.0 15.0 ― 

Chopped hay
 

45.0 41.0 36.9 32.75 

Soybean meal 6.25 10.40 14.75 19.0 

Mineral premix
3 

0.90 0.90 0.90 0.90 

Calcium carbonate
 

1.25 1.10 0.85 0.75 

Salt 0.25 0.25 0.25 0.25 

Deccox 1.35 1.35 1.35 1.35 

Nutritional Composition
4
     

DM, % 87.4 74.4 64.7 57.3 

TDN, % 66.6 65.5 64.5 63.4 

CP, % 16.0 15.6 15.4 15.1 

Ca:P 2.63 2.65 2.57 2.64 
1
Dietary treatments were: 0SB: control diet with no added sugar beets; 

15SB: 15% sugar beets substituted for barley; 30SB: 30% sugar beets 

substituted for barley; and 45SB: 45% sugar beets substituted for barley 

on a DM basis.
 

2
Sugar beets were processed through a wood chipper to reduce the 

particle size to reduce the risk of choking. 
3
Mineral premix: 13.6% Ca, 10% P, 15.6% NaCl, 1.0% Mg, 0.1% K, 

2,500 mg/kg Cu, 35 mg/kg Se, 8,500 mg/kg Zn, 440,529 IU/kg vitamin 

A, 44,053 IU/kg vitamin D, and 881 IU/kg vitamin E.
 

4
Calculated nutrient composition of the diets.

 

2.1.2 Statistical Analysis 

The MIXED procedure of SAS was used for the statistical analysis of all performance data 

(SAS 9.4; SAS Inst. Inc., Cary, NC). Individual animal is the experimental unit. The dietary 

treatment was the fixed effect included in the model with a random effect of pen nested 

within treatment. Dry matter intake data was analyzed utilizing repeated measures with the 

fixed effects of dietary treatment, day, and the interaction. Four days of dry matter intake data 

were not calculated due to equipment failure. Pre-planned comparisons of linear, quadratic, 

and cubic contrasts were utilized to partition treatment effects. Significance was determined 

at P ≤ 0.05, and tendencies were determined at P ≤ 0.10. To partition day effects and 

treatment × day interactions, LS Means was utilized (P ≤ 0.05). 
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2.2 Metabolism Trial  

2.2.1 Animals and Diets 

A 4 × 4 replicated Latin Square design was used to evaluate the effects of four diets varying 

in sugar beet concentration on the digestibility of DM, neutral detergent fiber (NDF), acid 

detergent fiber (ADF), Nitrogen (N), N balance, as well as ruminal fermentation patterns of 

wethers. Wethers were weighed (average BW: 36.65 kg) and allotted into one of four dietary 

treatments on d 0 (n = 2 wethers/treatment; 2 crates/treatment: Table 2): 1) 0SB: control diet 

with no sugar beets and 45% barley; 2) 15SB: 15% sugar beets and 30% barley; 3) 30SB: 

30% sugar beets and 15% barley; and 4) 45SB: 45% sugar beets and 0% barley. All dietary 

treatments were formulated to meet or exceed the nutrient requirements of growing wethers 

(30 kg; NRC, 2007). Due to the protein content provided by sugar beets relative to barley, 

soybean meal was added to the total mixed ration (TMR) as sugar beet concentration 

increased in order to make the diets isonitrogenous. Water was added to each dietary 

treatment to equilibrate moisture content among treatments. Each experimental period was 20 

d in length with 4 d between periods (d 1 to 5; to remove wethers from metabolism crates). 

All wethers were kept in a single pen with ad libitum access to hay and water d 1 to 5. On d 5, 

wethers were assigned to a dietary treatment and placed in metabolism crates in a temperature 

controlled enclosed room for a 10-d adaptation period to metabolism crates and diets, and a 

5-d total collection. Wethers were on a 12 h light, 12 h dark schedule. 

2.2.2 Sampling and Laboratory Analysis 

Total mixed ration samples were collected d 15 through d 19 and ort samples were collected d 

16 through d 20. Ort and TMR samples were dried in a 60°C forced air-drying oven for 48 

hours (h) for DM analysis. Total fecal output was collected and weighed on d 16 through d 20 

with 7.5% of the total fecal sample collected, weighed, and placed in a 60°C forced-air 

drying oven for 96 h for DM analysis. Total urine output was collected on d 16 through d 20. 

Exactly 100 mL of 6 N HCl was added daily to urinals to maintain urine pH < 3. A 25% 

subsample of the total urine weight was collected and composited by individual lamb. Total 

mixed ration, ort, and fecal samples were ground to pass a 1 mm screen using a Wiley mill 

(Thomas Scientific, Swedesboro, NJ). Ort samples were composited by lamb within period 

and TMR samples were composited by period. Feed, ort, and fecal samples were analyzed for 

NDF (AOAC, 2005) and ADF (AOAC, 2005) by using an Ankom 2000 Fiber Analyzer 

(Ankom Co., Fairport, NY). Alpha-amylase and sodium sulfite were used in the NDF 

procedure. Nitrogen concentrations were also measured (AOAC, 2010).  

Blood samples were collected on d 15 through d 19, 4 hours post-prandially via jugular 

venipuncture into 16 × 100 mm blood collection tubes (no. 367988; BD Vacutainer, Franklin 

Lakes, NJ) and refrigerated at 4°C for 4 h. Blood samples were centrifuged at 2500 × g for 20 

minutes at 4°C. Serum was collected into 5-mL polypropylene tubes. Samples were then 

stored at -20°C until analysis. Serum urea nitrogen (SUN) concentrations were determined by 

using a commercial colorimetric kit (Teco Diagnostics, Anaheim, CA) with intra- and 

interassay CV less than 12%.  
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Table 2. Ingredient and nutritional composition of diets fed to growing wethers (DM basis) 

 Dietary Treatment
1
 

Item 0SB 15SB 30SB 45SB 

Ingredient, %     

Sugar beets
2 

― 15.00 30.00 45.00 

MSU barley
 

45.00 30.00 15.00 ― 

Grass hay
 

46.00 41.00 36.90 32.80 

Soybean meal 5.50 10.40 14.80 19.00 

NaCl
 

0.25 0.25 0.25 0.25 

Decoquinate
 

1.35 1.35 1.35 1.35 

Calcium carbonate 1.00 1.10 0.85 0.75 

Mineral premix
3 

0.90 0.90 0.90 0.90 

Nutritional Composition    

DM, % 28.33 24.97 22.59 20.72 

TDN, % 66.80 65.80 64.80 63.60 

CP, % 15.80 15.70 15.40 15.10 

NDF, % 44.63 41.63 37.55 38.39 

ADF, % 28.47 27.32 22.50 23.69 

Ca:P 2.30 2.50 2.40 2.47 
1
Dietary treatments were: 0SB: control diet with no added sugar beets; 

15SB: 15% sugar beets substituted for barley; 30SB: 30% sugar beets 

substituted for barley; and 45SB: 45% sugar beets substituted for 

barley on a DM basis. 
2
Sugar beets were coarse ground with a flail chopper designed for 

woody biomass, to reduce choking hazard. 
3
Mineral premix: 13.6% Ca, 10% P, 15.6% NaCl, 1.0% Mg, 0.1% K, 

2,500 mg/kg Cu, 35 mg/kg Se, 8,500 mg/kg Zn, 440,529 IU/kg vitamin 

A, 44,053 IU/kg vitamin D, and 881 IU/kg vitamin E. 

Rumen fluid was extracted from all sheep via oral lavage on d 19 of each period at 0700 

(pre-prandial) and at approximately 1300 (post-prandial). Rumen fluid pH measurements 

were taken immediately after extraction, then samples were stored at -20° C. Rumen fluid 

samples were analyzed for ammonia (NH3-N) concentrations using methods similar to those 

described by Sigma Technical Bulletin #640, Chaney & Marback (1962), Horn & Squire 

(1967), and Weichselbaum et al., (1969). Rumen fluid samples were also analyzed for 

individual volatile fatty acid (VFA) concentrations using a gas chromatography procedure 

similar to that described by Baumgardt (1964), Supleco Inc. bulletin 749E (1975), Byers 

(1979), and Fritz & Schenk (1979). 

2.2.3 Statistical Analysis 

Data were analyzed as a replicated Latin Square, with lamb serving as the experimental unit. 

Nutrient metabolism data were analyzed using the MIXED procedure of SAS (SAS 9.4; SAS 

Inst. Inc., Cary, NC). The model included the fixed effects of dietary treatment, period, and 
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replicate. The period and dietary treatment interaction as well as the replicate and treatment 

interaction served as random effects. Day served as the repeated measure used to analyze 

daily DMI and SUN concentrations using the variance components covariance structure, 

selected due to the lowest Akaike’s information criteria. Fixed effects for SUN and daily DMI 

were dietary treatment, day, and the interaction. Rumen fluid analysis was conducted with the 

fixed effects of dietary treatment, time of collection, and the interaction. Time of collection 

served as the repeated measure with the variance component covariance structure. Linear, 

quadratic, and cubic orthogonal contrasts of sugar beet inclusion rate served to partition 

dietary treatment effects. Significance was set at P ≤ 0.05, with tendencies set at P ≤ 0.10. 

3. Results  

3.1 Backgrounding Trial 

Average daily DMI demonstrated a quadratic tendency (P = 0.06; Table 3) where 15SB 

resulted in the greatest daily DMI, and 0SB resulted in the lowest daily DMI. Mid-point BW, 

final BW, and average daily gain (ADG) were not affected (P ≥ 0.16) by dietary treatments. 

Feed efficiency was not affected (P ≥ 0.12) by treatment in the current study. 

Table 3. Effects of increasing sugar beets on backgrounding performance of steer calves 

 Dietary Treatment
1
  Contrasts

2 

Item 0SB 15SB 30SB 45SB SEM Linear Quadratic Cubic 

BW, kg         

d 1 259.8 261.6 260.3 261.1 7.08 0.94 0.95 0.87 

d 28 299.7 302.9 302.8 304.9 8.52 0.68 0.95 0.88 

d 50 324.0 334.8 339.3 341.7 10.54 0.27 0.67 0.92 

ADG, kg/d 1.38 1.44 1.55 1.58 0.12 0.16 0.90 0.78 

DMI, kg/d 7.14 7.70 7.60 7.25 0.28 0.80 0.06 0.69 

G:F 0.189 0.182 0.200 0.218 0.0159 0.12 0.41 0.71 
1
Diets will be formulated to meet or exceed nutrient requirements of a 295-kg steer gaining 

0.91 kg/d (NRC, 1996). Treatments were 0SB: 45% barley and 45% chopped hay; 15SB: 15% 

sugar beets substituted for barley on a % DM basis; 30SB: 30% sugar beets substituted for 

barley; and 45SB: 45% sugar beets substituted for barley 
2
n = 12         

3
P -value for the F-test of the mean. 

4
P-value for linear, quadratic, and cubic effects of increasing sugar beets in the diet. 

 

3.2 Metabolism Trial 

3.2.1 Digestibility and N Balance 

The nutrient metabolism results are reported in Table 4. Daily DMI and DM digestibility 

were not affected (P ≥ 0.25) by treatment. There was no treatment effect (P ≥ 0.33) on NDF 

digestibility. However, ADF digestibility demonstrated a tendency to be affected 

quadratically (P = 0.10) by treatment with 15SB and 30SB producing the lesser values, and 

0SB and 45SB producing the greater values. Intake of ADF demonstrated a quadratic 
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tendency (P = 0.09) and demonstrated a pattern that was very similar to what was observed 

with ADF digestibility. There was no effect (P ≥ 0.18) on the excretion of nitrogen through 

the feces or urine, and no effect (P ≥ 0.22) on serum urea nitrogen. Nitrogen balance 

demonstrated a cubic treatment effect (P = 0.04), with 30SB having the highest nitrogen 

balance and 15SB having the lowest. 

3.2.2 Rumen Characteristics 

Rumen characteristics are reported in Table 5. There was a linear tendency (P = 0.07) for 

rumen NH3-N concentrations to increase as sugar beets increased in the diet. As a result of 

increasing concentrations of sugar beets in the dietary treatments in the current study, we 

observed a linear tendency for rumen concentrations of acetate to increase (P = 0.09), a linear 

decrease (P = 0.05) in propionate, a linear increase (P = 0.03) in the acetate to propionate 

ratio, and a linear increase (P = 0.01) in butyrate that occurred post-prandially. Dietary 

treatment did not affect concentrations of valerate, isobutyrate, or isovalerate (P ≥ 0.25). 

Rumen pH at 0700 h was not affected (P ≥ 0.39) by treatment. However, dietary treatment 

imposed a quadratic effect on pH at 1300 as sugar beets increased (P = 0.05) in the diet. 

Measurements of pH at 1300 h were greatest for 15SB and was least for 45SB. 

4. Discussion 

4.1 Backgrounding trial 

The increase in daily DMI between 0SB and 15SB could be attributable to dietary moisture 

content. As moisture content increases in the diet, passage rate of the feed through the 

digestive tract may increase, thus hindering the digestibility of that feed (Trenkle, 1992). 

Animals will typically increase their intake to make up for the decrease in digestibility (Balch, 

1950). This result may also be due to differences in palatability between diets. Nombekela et 

al. (1994) conducted a study using six multiparous Holstein cows and compared their 

preferences between sweet, sour, bitter, and salty diets. Four out of six of the cows preferred 

the sweet diet, and the probability that the cow would choose the sweet diet over the other 

three diets was 59%. We also observed that daily DMI started to decrease when more than 

15% sugar beets were included in the diet. This result is similar to results generated by other 

studies where DMI decreased when wet sugar beet pulp was included in the diet at 

concentration’s greater than 20% (Olfaz et al., 2005; Lardy and Schafer, 2008). Moisture 

content has been shown to effect DMI. It has been previously suggested that there may be a 

threshold of moisture content in the feed where intake starts to decrease due to the added 

weight of the feed that would lead to the stimulation of stretch receptors in the rumen wall 

(Voelker and Allen, 2003b). 
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Table 4. Nutrient metabolism characteristics of growing wethers fed increasing 

concentrations of sugar beets in the diet 

 Dietary Treatment1  Orthogonal Contrasts3 

Item 0SB 15SB 30SB 45SB SEM2 Linear Quadratic Cubic 

Initial BW, kg 36.65 36.65 36.65 36.65 0.00 1.00 1.00 1.00 
Daily DMI, g/kg BW 29.12 26.01 28.03 30.43 2.51 0.61 0.30 0.68 
Daily NDF intake, g/kg BW 12.48 9.57 10.50 11.14 0.85 0.41 0.04 0.27 
Daily ADF intake, g/kg BW 7.80 5.96 6.88 7.13 0.60 0.68 0.09 0.20 
Daily nitrogen intake, g/kg 
BW 0.68 0.63 0.90 0.74 0.07 0.10 0.33 0.02 
Total tract digestibility, % 

  
 

    
 

DM 70.34 67.23 71.29 71.4 0.20 0.44 0.44 0.25 
NDF 57.07 50.70 52.71 53.41 0.04 0.57 0.33 0.54 
ADF 51.64 40.41 48.64 50.58 0.04 0.77 0.10 0.14 
Nitrogen 74.83 72.66 74.95 72.22 1.88 0.37 0.85 0.19 

Daily nitrogen excretion, g 
  

 
    

 
Fecal 6.57 6.16 6.37 7.51 0.70 0.36 0.29 0.92 
Urine 12.23 12.31 12.03 14.41 1.02 0.18 0.27 0.51 

Serum urea nitrogen, mg/dL 5.65 5.03 4.39 4.87 0.53 0.22 0.31 0.63 
Nitrogen balance, g/kg 0.16 0.13 0.28 0.14 0.05 0.63 0.24 0.04 
1Dietary treatments were: 0SB: control diet with no added sugar beets; 15SB: 15% sugar beets substituted for barley; 30SB: 30% sugar 
beets substituted for barley; and 45SB: 45% sugar beets substituted for barley on a DM basis. 
2Greatest SEM presented (n = 8). 
3P-value for linear, quadratic, and cubic effects of increasing sugar beet concentration in the diet. 

 

Although statistically insignificant, there was a numerical increase in ADG as sugar beets 

increased in the diet. This observation is emphasized in order to show that the inclusion of 

sugar beets up to 45% in the diet had no deleterious effects on steer performance, in light of 

our hypothesis. Arrizon et al. (2012) also generated results indicating that replacing 20 or 

40% of steam-flaked corn with dried shredded sugar beets in total mixed rations for steers on 

a dry matter basis would have no deleterious effects on ADG. However, Olfaz et al., (2005) 

observed significant increases in body weight gain when sugar beet pulp was added up to 

60% of grass hay based TMR’s for growing male Karayaka sheep. Although we did not 

observe an increase in BW or ADG, this may, in part, be due to the increased passage rate due 

to the increased moisture content of the sugar beet diets. 
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Table 5. Ruminal characteristics of growing wethers fed increasing concentrations of sugar 

beets in the diet 

 Dietary Treatment
1 

 Orthogonal Contrasts
3 

Item 0SB 15SB 30SB 45SB SEM
 

Linear Quadratic Cubic 

Ammonia, mg/dL
4 

    2.81 0.07 0.14 0.27 

0700
6 

22.61 22.27 24.86 26.37     

1300
7 

27.19 20.80 27.49 31.35     

VFA, mol/100 mol
4 

        

Acetate     3.12 0.09 0.60 0.89 

0700 79.68 81.00 83.35 85.13     

1300 76.90 81.38 83.71 82.54     

Propionate     3.16 0.05 0.90 0.85 

0700 23.93 23.65 20.55 20.03     

1300 29.73 25.22 21.82 18.87     

Butyrate     2.20 0.62 0.67 0.80 

0700 15.03 13.21 13.49 11.13     

1300 15.33 15.49 17.37 21.39     

Valerate     0.24 0.26 0.63 0.51 

0700 1.48 1.18 1.50 1.40     

1300 1.54 1.27 1.09 0.97     

Isobutyrate     3.00 0.39 0.95 0.45 

0700 2.17 2.66 2.63 3.00     

1300 0.75 0.75 0.50 0.56     

Isovalerate     3.82 0.25 0.85 0.52 

0700 2.72 3.31 3.48 3.83     

1300 0.75 0.89 0.52 0.68     

A:P ratio
5 

    0.64 0.03 0.90 0.92 

0700 3.74 4.17 4.43 4.66     

1300 2.83 3.52 4.27 5.42     

pH
3 

    0.15 0.10 0.08 0.39 

0700 7.45 7.59 7.32 7.29     

1300 6.73 6.99 6.84 6.51     
1
Dietary treatments were: 0SB: control diet with no added sugar beets; 15SB: 15% sugar beets 

substituted for barley; 30SB: 30% sugar beets substituted for barley; and 45SB: 45% sugar beets 

substituted for barley on a DM basis.
2
P-value for the treatment × time interaction. 

3
P-value for linear, quadratic, and cubic effects of increasing sugar beet concentration in the diet. 

4
Rumen fluid extraction and pH measurements took place at 0700 and at 1300 on d 15 each period. 

5
A:P ratio = Acetate to propionate ratio. 

6
Pre-prandial. 

7
Post-prandial. 
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Figure 1. Effects of increasing sugar beet concentrations on wether serum urea nitrogen 

concentrations. Treatment × day: P = 0.95; Day: P = 0.11; and treatment: P = 0.42. 

Contrary to our results, Arrizon et al. (2012) observed a linear decrease in feed efficiency as 

dried shredded sugar beets increased in the diet up to 40% of the dry matter. This could be 

due to the different protein sources used between the current study and Arrizon et al. (2012). 

The current study used soybean meal as a protein source, and Arrizon et al. (2012) used 

alfalfa hay and distillers grains as a protein source. The protein in soybean meal and alfalfa 

hay is made up of mostly degradable intake protein (DIP; soybean meal 65% DIP, alfalfa hay 

mid-bloom 84% DIP; NRC, 2000), but distiller’s grains contain much less DIP (distillers 

grains + solubles 27.2% DIP; NRC, 2000). Microbial protein synthesis contributes to a 

majority of the amino acids that are absorbed in the duodenum of the small intestine, and also 

contains an amino acid profile that is favorable for meat and milk production (NRC, 2000). 

Rumen microorganisms require N for microbial synthesis (Nocek and Russell, 1988). Due to 

lesser DIP component of distiller’s grains as a protein source, it is possible that less N was 

available for microbial protein synthesis, thus resulting in a decrease in feed efficiency in the 

study conducted by Arrizon et al., (2012). This is in contrast to the current study, where 

soybean meal was utilized as the nitrogen source. 

4.2 Metabolism Trial 

Similar to dry matter digestibility in the current study, Arrizon et al., (2012) did not observe 

any differences in organic matter digestibility when dried shredded sugar beets replaced 

steam-flaked corn in TMR’s for steers at rates of 0, 20, and 40% on a DM basis. Contrary to 

the current study, Huhtanen (1988) observed a decrease in DM digestibility when sugar beet 
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pulp replaced barley in a silage-based diet. This may be due to the greater fiber content of the 

sugar beet pulp diets compared to barley diets used by Huhtanen (1988). 

Our results differ from those observed by Arrizon et al., (2012), who reported increased NDF 

digestibility when dried shredded sugar beets replaced steam flaked corn. The results of the 

current study also differ from results observed by Huhtanen (1988), who reported increased 

NDF and ADF digestibility when sugar beet pulp replaced barley in a silage-based diet. This 

may relate to results generated by Belanche et al (2012), where it was observed that fiber rich 

diets consistently increased the synthesis of cellulolytic microorganisms when compared to 

starch rich diets in both high and low protein diets. This relationship is also apparent in 

results generated by Arrizon et al., (2012) and Huhtanen (1988), where the intakes of NDF 

and ADF increased as dried shredded sugar beets or sugar beet pulp increased in 

concentration in the diet, resulting in increased fiber digestibility. 

The impacts on nitrogen intake and balance may be partly explained by the increase in 

soybean meal as sugar beets were added to the diet. The protein in soybean meal is much 

more soluble in the rumen environment than the protein contained in barley (barley grain 

28% soluble CP; soybean meal 44% soluble CP; NRC, 2016). Increasing ammonia 

concentrations indicates an abundance of soluble protein in the diet and in certain instances 

inefficient use of N due to bacteria requiring more energy in order to use the excess ammonia 

for microbial protein synthesis (Nocek & Russell, 1988), and the possible inefficient use of 

energy required to excrete urinary nitrogen (Russell, 2002). It’s well established that 

including sugar in a TMR for ruminant animals typically decreases ammonia concentrations 

(Chamberlain, Thomas, Wilson, Newbold, & MacDonald, 1985; Huhtanen, 1988; Rooke, 

Rymer, Maya, & Armstrong, 1992). Chamberlain et al. (1985) demonstrated that the presence 

of starch may increase populations of protozoa. Chamberlain et al. (1985), Huhtanen (1988), 

and Rooke et al. (1992) suggest that increasing protozoa numbers can increase ammonia 

concentration by the predation of protozoa on the rumen bacteria that would otherwise be 

utilizing the available ammonia. 

As previously discussed, rumen microorganisms require N to carry out microbial protein 

synthesis, and energy is required by the microorganisms in order to utilize N (Nocek and 

Russell, 1988). It has been suggested that feeding carbohydrates and protein in synchrony can 

result in improvements in N utilization and animal performance (Cole and Todd, 2008). 

Although the diets contained similar amounts of energy and protein, the solubility of the 

protein source was different as sugar beet concentrations changed in the diet due to the added 

soybean meal. It seems that available N may have been lacking in the 15SB treatment, and 

available N may have been in excess in the 45SB treatment, as reflected by their respective 

ammonia levels.  

The increase that was observed regarding the acetate to propionate ratio indicates that sugar 

beets produce an effect that would be characterized as a forage energy source, rather than a 

concentrate energy source (Lana et al., 1998). These results are consistent with Voelker and 

Allen (2003a) and Arrizon et al. (2012) where it was observed that concentrations of acetate 

and butyrate increased, while propionate decreased when pelleted beet pulp or dried shredded 
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sugar beets replaced high moisture corn or steam-flaked corn, respectively. Increasing 

butyrate concentrations may be attributable to the sugar content of sugar beets, as Vallimont 

et al. (2004) observed a linear increase in butyrate concentrations when sucrose replaced corn 

starch at rates of 0, 2.5, 5, and 7.5% in TMR’s for continuous culture fermenters. Ribeiro et al. 

(2005) also observed an increase in butyrate concentrations when sucrose supplements were 

added to alfalfa hay at rates of 0, 4, and 8%. Results from Huhtanen et al. (1988) also 

observed a tendency for increasing acetate concentrations when sugar beet pulp replaced 

barley in silage based diets, but observed divergent results as propionate demonstrated a 

tendency to increase while butyrate significantly decreased when sugar beet pulp replaced 

barley.  

This result is complimentary to those observed by Huhtanen (1988) and Arrizon et al., (2012) 

where no treatment effect was observed for pH when sugar beet pulp or dried shredded sugar 

beets replaced barley or steam flaked corn, respectively. It is important to note that pH 

measurements were above 6 amongst all treatments, indicating that microbial synthesis was 

not limited by pH (Russell and Dombrowski, 1980). 

The results from this study demonstrates that sugar beets can replace barley up to 45% 

without having any deleterious effects on nutrient metabolism. We also conclude that VFA 

production patterns can be altered by the addition of sugar beets to total mixed rations for 

growing wethers. 

5. Conclusion 

Results from the current study support our hypotheses, leading us to make the following 

conclusions; 1.) Sugar beets fed up to 45% of the dry matter has no deleterious effects on 

steer backgrounding performance when compared to barley. 2.) Sugar beets fed up to 45% of 

the dry matter has no deleterious effects on the digestibility of fiber or nitrogen when 

compared to barley. 3.) Sugar beets are capable of altering rumen fermentation patterns when 

compared to starch-based energy sources. We believe that the results from our sheep 

metabolism study can be extrapolated to cattle as well, given the similarity between their 

respective digestive systems and the similar diets between studies. We believe that sugar 

beets are a safe energy source to be used by livestock producers and can be financially 

rewarding in some cases. Also, this provides another avenue by which sugar beet producers 

can sell sugar beets, thus enhancing the financial sustainability of sugar beet growing 

operations 
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