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Nitrogen gas was set to 80 psi on the outlet gauge. Precut fuses (part # 845DD2) were 

used to ignite samples. Benzoic acid samples were used to standardize the machine each 

day prior to analyzing other samples. After calibration, samples ranging between 0.400-

0.404 g were weighed into combustion capsules. If pellets could not be formed from 

samples of HMC, DRC, or corn silage , 0.2000-0.2999 g of mineral oil was added. 

Capsules were allowed to rest overnight to allow full dispersion of mineral oil throughout 

the sample. Each sample was then burned in the machine. The recorded temperature rise 

was then used to calculate heat of combustion (Hc): 
WT−e1−e2−e3−(Hcs)(Ms) 

m
; where (W) is 

the energy equivalent of the calorimeter, (T) is the observed temperature rise, (e1) is the 

heat produced by burning nitrogen in the air, (e2) is the heat produced by formation of 

sulfuric acid, (e3) is the heat produced by the heating wire and cotton thread, (m) is the 

mass of the sample, (Hcs) is the heat of combustion for the spiked material, and (Ms) is 

the mass of the spiking material (Hamilton, 2016). 

Submersible wireless pH loggers (Dascor, Inc., Escondido, CA) were inserted in 

the rumen on d 14, and recorded pH measurements every minute through d 21. Ruminal 

pH data were analyzed from d 17-20 to allow for adaptation and to ensure that pH 

reported was representative of samples taken during collection time points. Loggers were 

attached to a weight to ensure the electrode remained in the ventral sac of the rumen. All 

loggers were calibrated prior to being inserted in the rumen each period by submersing 

them in pH 4 and 7 standards solutions. Ruminal pH measurements from each period 

were adjusted using the beginning and ending calibration values. All pH data were 

exported onto a computer where data were sorted. Ruminal pH was averaged by day and 
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day was analyzed as a repeated measure. Measurements included average pH, minimum 

and maximum pH, and magnitude of pH change. 

Rumen in situ bags (Dacron 5 x 10 cm; Ankom Technology, Macedon, NY) were 

used to estimate NDF digestibility at 16 and 24 hours of incubation using 1.25 g (as-is, 

not ground) of dry corn bran produced from a wet corn milling process. The bran used in 

the in situ bags has a larger particle size than bran present in the Bran + Solubles product 

as Bran + Solubles is produced through a dry corn milling process where the corn kernel 

is ground. Bags were placed in a mesh bag and inserted into the ventral sac of the rumen 

at different start times so they could be removed at the same time. Bags were incubated 

for 16 and 24 h incubation periods starting on d 20 with 2 bag / steer per time period. All 

bags were removed at 1400 h on d 21. Following removal, samples were machine washed 

5 times with 3 min per cycle (1 min agitation and 2 min spin; Whittet et al. 2003) and 

immediately frozen. Bags were analyzed for NDF using the ANKOM system. After 

going through the NDF procedure, bags were dried in a 60⁰C forced-air oven for 24 h. 

Weights from the dried bags were used to calculate NDF digestibility.  

Samples of rumen fluid were collected using a vacuum pump on day 20 at 0700, 

1100 and 1400 h and immediately frozen. At time of analysis, rumen fluid samples were 

thawed in a cooler (4⁰C) to ensure no additional fermentation occurred. Following 

thawing, samples were prepared according to Erwin et al. (1961) and analyzed for VFA 

concentration using a Trace 1300 gas chromatograph (Thermo Fischer Scientific, Inc., 

Omaha, NE) fitted with a capillary column (Phenomenex Inc., Torrance, CA). The 

column was 30 m in length with an inside diameter of 0.32 mm and a film thickness of 

1µ. An internal standard of crotonic acid was used for all samples. Total run time was 
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9.75 min. During analysis, the inlet and flame ionization detector temperatures were held 

at 280⁰C. Oven temperature started at 160⁰C and increased 8⁰C per minute until it reached 

200⁰C. Helium was used as a carrier gas. Column carrier flow was set at 2.4 mL/min. 

Flow rates of compressed air and hydrogen were set at 350 and 30 mL/min, respectively. 

Peak areas were determined with auto-integration and manual review of chromatograms. 

The VFA concentrations were calculated using a ratio relative to known amounts of the 

internal standard (Crotonic acid) and an external standard mix of acetate, propionate, 

isobutyrate, butyrate, isovalerate, and valerate. 

Additionally, samples of rumen fluid were collected and utilized to determine gas 

production by treatment. Two 250 mL bottles were collected from each animal at 1400 h 

on d 21 of each period. These samples were collected 6 h post-feeding. The DM of whole 

rumen contents was determined using 100 mL of this sample which was frozen 

immediately after collection. The remaining sample was incubated using ANKOM gas 

bottles for 6 h. Following incubation, the 6 h sample was flash frozen. Each sample was 

also analyzed for VFA concentration using the method described above. Rate of VFA 

production was calculated using the following equation: [(6 h VFA concentration – 0 h 

VFA concentration)/ 6 h incubation]. 

Digestibility, intake data, and gas production data were analyzed using the 

MIXED procedure of SAS (SAS Institute, Inc. Cary, NC). Treatment and period were 

treated as fixed effects while steer within period was a random effect. Ruminal pH data 

were summarized by hour and analyzed with day as repeated measures using the 

GLIMMIX procedure of SAS (SAS Institute, Inc. Cary, NC). Due to malfunctioning 

probes, only three were included in the analysis of pH data. Data for VFA concentration 
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were analyzed as a repeated measure by hour using the MIXED procedure of SAS (SAS 

Institute). The model included time, treatment, and time by treatment interactions. Steer 

was considered a random effect. P-values ≤ 0.10 were considered significant. If 

significant, treatments were separated and compared using a t-test.  

RESULTS AND DISCUSSION 

Exp. 1 – Cattle Finishing Experiment 

Performance and carcass results are provided in Table 2.4. Dry matter intake was 

not affected by treatment (P = 0.62). Average daily gain (ADG) was impacted by dietary 

treatment (P = 0.02) with steers fed HIPRO or BRAN+SOL having the greatest ADG. 

Steers fed CON or WDGS had similar (P = 0.96) gains to one another, but were lowest 

among all treatments. Steers fed DDGS were intermediate in ADG, but not different (P > 

0.14) from any other treatments. Similar intakes and improved ADG resulted in the 

HIPRO and BRAN+SOL treatments having improved (P < 0.05) G:F compared to CON 

and WDGS. The DDGS treatment was intermediate and not different (P > 0.20) than 

CON or WDGS. Feeding HIPRO tended (P = 0.09) to improve G:F over DDGS. Hot 

carcass weight and final BW followed a similar trend to ADG. The HIPRO and 

BRAN+SOL cattle had the greatest HCW, but were not different (P > 0.41) from each 

other. Steers fed CON or WDGS had the lightest carcass weights, while DDGS was 

intermediate. No other performance or carcass characteristics were affected by dietary 

treatment (P ≥ 0.62).  

 Previous research suggests that feeding traditional DDGS at 40% of diet DM 

results in greater DMI, ADG, and G:F compared to corn based diets (Buckner et al., 
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2007; Klopfenstein et al., 2008). The performance improvements observed when feeding 

DGS have been largely attributed to the protein and fiber components (Larson et al., 

1993; Conroy et al., 2015; Carlson et al., 2016). In the current study, the increased 

protein content of the HIPRO DDGS (36.0% CP v. 31.3% CP in traditional DDGS) 

appears to be consistent in creating the performance response observed in previous 

research with traditional DDGS. Biologically, digestible RUP has approximately 143% 

the energy value of starch in ruminant diets (Kleiber, 1961). Although RUP content of 

HIPRO DDGS was not measured in the current study, if an RUP value of 63% of CP 

similar to that of traditional DGS (Castillo-Lopez et al., 2013) is assigned to HIPRO 

DDGS, 22.7% of DM is RUP. Therefore, 9.1% of diet DM is supplied in the form of 

RUP. This is 1% greater than the traditional DDGS diets (8.1%) when included at 40% 

DM.  

Feeding HIPRO resulted in an 8.6% improvement in feed efficiency over CON. 

Based on feed efficiency, the feeding value of HIPRO DDGS was 121% of corn. A meta-

analysis by Bremer et al. (2011) established a feeding value of 112% for traditional 

DDGS regardless of inclusion in DRC:HMC diets. From these results we can conclude 

that a one percentage point increase in RUP from HIPRO DDGS in the diet resulted in a 

nine percentage point improvement in feeding value over traditional DDGS. These results 

are not consistent with results by Kelzer et al. (2011) who observed no difference (P > 

0.40) in performance or carcass characteristics when a low-fat, high-protein DGS was fed 

at 35% of diet DM compared to traditional DGS. The composition of DGS used in 

Kelzer’s study was very similar to HiPro DDG used in the current study (39.0% CP; 

23.6% NDF; 5.1% fat). Additionally, Lundy et al. (2015) reported a 27% decrease in 
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feeding value for the cellulosic WDG product (39.1% CP) despite having greater CP than 

WDGS used for comparison in their study. Furthermore, the cellulosic WDG in their 

study resulted from a post-fermentation fractionation process, whereas HIPRO DDGS 

resulted from a pre-fermentation fractionation process in our study. Whether the different 

effects observed result from how fractionation occurs or differences in inclusion level is 

not clear at this point. 

 As previously mentioned, fiber has been shown to account for an appreciable 

portion of the positive performance response observed when feeding DGS (Carlson et al., 

2016; Conroy et al., 2016; Oglesbee et al., 2016). In the current study, feeding Bran + 

Solubles resulted in a 10.3% improvement in G:F while providing a feeding value of 

126% compared to corn. These results are slightly better than those observed by Buckner 

et al. (2011) who reported a feeding value of 114% that of corn for Dakota Bran fed at 

45% of diet DM. The bran:solubles ratio is unknown for Dakota Bran, but Bran + 

Solubles are produced with approximately a 50:50 blend of corn bran and CDS. 

Therefore, when fed at 40% of diet DM, 20% of diet DM is CDS. Hansen et al. (2018) 

and Pesta et al. (2012) reported that feeding 18% and 20% CDS resulted in feeding 

values of 166% and 147%, respectively when fed in diets containing no other byproducts. 

This suggests that the high relative amount of CDS present in Bran + Solubles is 

responsible for a great deal of the positive performance response observed in the current 

study. 

Exp. 2 – Digestion Experiment 

Nutrient intake and digestibility are presented in Table 2.5. No treatment 

differences were observed for dry matter intake (P = 0.55). However, total tract dry 
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matter digestibility (TTDMD) was decreased (P < 0.10) with 40% inclusion of 

byproduct, regardless of type. These results are consistent with previous research feeding 

traditional DGS (Corrigan et al., 2009; Vander Pol et al., 2009; Carlson et al., 2016) as 

well as with fractionated DGS. Lundy et al. (2016) reported that lambs fed 45% cellulosic 

WDG had lower TTDMD than those fed CORN or traditional WDGS. When high protein 

distillers grains were included at 20% of the diet (DM) TTDMD was intermediate, but 

not different (P > 0.16) from CON and all other byproduct treatments except for 

HIPRO40. Results for total tract organic matter digestibility (TTOMD) followed the 

same trend as TTDMD.  

Treatment affected NDF intake (P < 0.01) with steers fed BRAN+SOL having the 

greatest intake and CON having the least (P < 0.01). Steers fed DDGS, WDGS, and 

HIPRO40 were intermediate, but not different from (P > 0.13) BRAN+SOL or 

HIPRO20. Total tract NDF digestibility (TTNDFD) was numerically greatest for 

BRAN+SOL at 61.6%, but was not statistically different (P > 0.14) from all other 

treatments except, DDGS, which was lower (P < 0.01). The lowest numerical TTNDFD 

was observed for the DDGS treatment at 45.5%.  

In situ NDF disappearance of corn bran was not affected by treatment (P = 0.64) 

and averaged 15.3%. In situ digestibilities are consistent with results from Sayer et al. 

(2013) who observed limited in situ NDF disappearance for corn bran from wet milling at 

16 and 24 h time points. Disappearance increases with greater ruminal retention time.  

Discrepancies in total tract NDF digestibility and in situ NDF disappearance can be 

explained by the differences in bran present in the two products. Bran from wet milling 
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has a larger particle size than bran in Bran + Solubles as this bran is ground to a size 

similar to DGS (approximately 0.66 mm diameter; Liu et al., 2008).  

Acid detergent fiber intake and digestibility were also impacted by treatment (P < 

0.01). Intake was greatest for HIPRO40, BRAN+SOL and WDGS. The control treatment 

resulted in the lowest ADF intake (P < 0.01), and HIPRO20 and DDGS were 

intermediate to all treatments, but not different (P = 0.32) from one another. Total tract 

ADF digestibility (TTADFD) was numerically greatest for the BRAN+SOL treatment; 

however, inclusion of all byproduct treatments except DDGS (P = 0.69) resulted in 

greater TTADFD than CON (P < 0.03). 

Gross energy intake when expressed as Mcal/d was not significantly different (P = 

0.56) across treatments; however, when gross energy intake is expressed as Mcal/kg, 

HIPRO40 and BRAN+SOL had the greatest (P < 0.01) energy intake. No other energy 

calculations were significantly different across treatments; however, digestible energy 

(DE) intake expressed as Mcal/kg was numerically greater for byproduct treatments 

compared to CON. This is primarily due to the numerical differences observed in DMI 

for the different treatments. Treatments with lower DMI had lower energy intake. 

Feeding Bran + Solubles and HiPro DDG numerically increased DE intake (Mcal/kg) as 

well. The general increase in both GE and DE may explain the improved ADG and G:F 

observed in Exp. 1. Research has shown that the additional protein and fat in distillers 

grains provides additional DE to the animal while organic matter digestibility is 

decreased (Hamilton, 2016.) This relationship can be observed in Figure 2.2. Olsen et al. 

(2008) reported that OMD was highly correlated (r2 = 0.93) to DE; however, when DGS 

were included in the diet, discrepancies occurred suggesting that energy is being 
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consumed but not realized in the feces. Fecal energy is the largest and most variable loss 

of intake energy (Brown, 1966), which may explain why GE intake is significantly 

different for byproduct treatments but not for DE. 

No treatment effects were observed for average pH, maximum pH, or magnitude 

of pH change (P ≥ 0.73; Table 2.6). Minimum ruminal pH was numerically lowest for the 

HIPRO20 treatment at 4.85, although this was not significantly different (P > 0.18) from 

CON, BRAN+SOL, DDGS or WDGS. Feeding HIPRO40 resulted in a minimum pH of 

5.15; numerically greatest of all treatments. These results are consistent with previous 

research regarding traditional distillers grains. Distillers grains do not tend to affect 

ruminal pH parameters (Bremer et al., 2010; Corrigan et al., 2009; Vander Pol et al., 

2009). However, Sayer (2004) reported an increase in average ruminal pH when 30 and 

45% corn bran from wet milling was fed in combination with distillers solubles. Again, it 

is important to consider the difference in particle size of the bran in Bran + Solubles 

compared to bran produced during wet milling. Bran produced from wet milling has an 

NDF content of approximately 75% (DeHaan, 1983; Sayer et al., 2013; Scott et al., 1998) 

while Bran + Solubles has only 32%. The nutrient composition of Bran + Solubles is 

much like that of DGS; therefore, the potential for acidosis control observed when 

feeding corn bran alone may not be realized when feeding BRAN+SOL. 

There was a time by treatment interaction (P < 0.01) for butyrate molar 

concentration primarily due to the difference in concentration at 0700 h (Fig. 2.3). There 

appears to be a time by treatment interaction for propionate concentration; however, 

limited observations and error do not allow for the interaction to be picked up 

significantly (Fig. 2.4; P = 0.47). Propionate appears to spike at 1100 h for both HIPRO 



50 
 

treatments with HIPRO 20 at 55.6% propionate. Both treatments then decline in 

propionate concentration by 1400 h. The spike in propionate and relative steady state of 

acetate subsequently decreased the A:P ratio at 1100 h (Fig. 2.5). Treatment did not affect 

total VFA concentration (P = 0.75; Table 2.6), molar concentration of any of the 

measured VFAs (P ≥ 0.46), or A:P ratio (P = 0.96) when averaged over three time points. 

However, time was significant for propionate, butyrate, and A:P (P < 0.01) when molar 

concentrations were evaluated at 0700, 1100, and 1400 h individually (Figures 2.3-2.5). 

Relative proportions of all VFA appear to be consistent with previous research on corn-

based finishing diets including byproducts (Burhoop et al., 2018; DiCostanzo and 

Crawford, 2013; Sayer et al., 2013).  

 Gas production was not significantly (P ≥ 0.15) different across treatments for 

total mL produced, rate of gas production, and VFA production rate over 6 hours (Table 

2.7). Total gas production is an indicator of extent of digestion within the rumen while 

rate of production is an indicator of how digestible a feedstuff may be. Total gas 

production is lower than results from Hansen (2017) who reported total gas production 

ranging from 13.5-18.9 mL/g DM. Additionally, Hansen (2017) and Hilscher (2018) 

reported gas production rates much lower than what was observed in the current study 

(18-30 %/h). Gas production measures for the two previously mentioned studies were 

conducted over a 24-h period whereas gas production data were only collected for 6 h in 

the current study. Given the curvilinear pattern of gas production over time (Getachew et 

al., 2004), it is logical that the rates observed in the current study would be greater than 

those observed in previous research. In addition, corn-based finishing diets are more 

digestible than growing diets like those fed by Hansen (2017) and corn-silage-based 
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Table 2.1. Dietary composition (DM basis) of treatments fed to calf-fed steers (Exp. 

1) 

 Treatment1 

 CON HIPRO BRAN+SOL DDGS WDGS 

Ingredients2      

HMC 39.25 20.50 20.50 20.50 20.50 

DRC 39.25 20.50 20.50 20.50 20.50 

Corn Silage 15.00 15.00 15.00 15.00 15.00 

HiPro DDG - 40.00 - - - 

DDGS  - - 40.00 - 

WDGS - - - - 40.00 

Bran + Solubles - - 40.00 - - 

Supplement      

FGC - 1.8875 1.8875 1.8875 1.8875 

Limestone 1.6600 1.6200 1.6200 1.6200 1.6200 

Tallow 0.1625 0.1000 0.1000 0.1000 0.1000 

Urea 1.2900 - - - - 

SoyPass3 3.0000 - - - - 

Salt 0.3000 0.3000 0.3000 0.3000 0.3000 

Beef Trace Min.4 0.0500 0.0500 0.0500 0.0500 0.0500 

Vit. ADE5 0.0150 0.0150 0.0150 0.0150 0.0150 

Rumensin-90 0.0165 0.0165 0.0165 0.0165 0.0165 

Tylan-40 0.0110 0.0110 0.0110 0.0110 0.0110 
1 Treatments included CON-control; HIPRO20-20% high protein distillers grains; HIPRO40-40% high 

protein distillers grains; BRAN+SOL-40% corn bran plus solubles; DDGS-40% traditional dry distillers 

grains; WDGS-40% traditional wet distillers grains 
2DRC = dry-rolled corn, HMC = high-moisture corn, HiPro DDG = high-protein dry distillers grains, 

DDGS = dry distllers grains plus solubles, WDGS = wet distillers grains plus solubles, FGC = fine-

ground corn 
3Soypass (Lignotech USA, Rothschild, WI) was phase fed in the CON diet to meet MP requirements 

beginning with 3.0% DM on d 1. Animals were stepped down to 1.5% DM on d 43, and 0% on d 65 
4Premix contained 10% Mg, 6% Zn, 4.5% Mn, 0.5% Cu, 0.3% I, and 0.05% Co 
5Premix contained 1,500 IU of vitamin A, 3,000 IU of vitamin D, and 3.7 IU of vitamin E per g 
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Table 2.2. Nutrient composition of byproducts fed to steers (Exp. 1 and 2) 

Nutrient1 HiPro DDG Bran + Solubles WDGS2 DDGS3 

DM, % 91.8 40.7 32.8 91.4 

CP, % 36.0 33.5 30.1 32.5 

NDF, % 32.0 32.3 30.2 31.6 

Fat, % 9.4 9.8 11.6 6.2 

Sulfur, % 0.68 0.70 0.65 0.70 
1Nutrients expressed on a dry-matter basis 
2Wet distillers grains plus solubles 
3Dry distillers grains plus solubles 
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Table 2.3. Dietary composition (DM basis) of treatments fed to ruminally cannulated steers 

(Exp. 2) 

 Treatment1 

 CON HIPRO20 HIPRO40 BRAN+SOL DDGS WDGS 

Ingredient2       

DRC 39.3 30.5 20.5 20.5 20.5 20.5 

HMC 39.3 30.5 20.5 20.5 20.5 20.5 

Corn Silage 15.0 15.0 15.0 15.0 15.0 15.0 

HiPro DDG - 20.0 40.0 - - - 

Bran + Solubles - - - 40.0 - - 

DDGS - - - - 40.0 - 

WDGS - - - - - 40.0 

Supplement       

FGC - 1.8875 1.8875 1.8875 1.8875 1.8875 

Limestone 1.66 1.62 1.62 1.62 1.62 1.62 

Tallow 0.1625 0.10 0.10 0.10 0.10 0.10 

Urea 1.29 - - - - - 

Salt 0.30 0.30 0.30 0.30 0.30 0.30 

Beef Trace Min.3 0.05 0.05 0.05 0.05 0.05 0.05 

Vit. ADE4 0.015 0.015 0.015 0.015 0.015 0.015 

Rumensin-90 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165 

Tylan-40 0.011 0.011 0.011 0.011 0.011 0.011 

Nutrient Composition, % DM     

DM 63.7 66.0 68.8 50.0 68.7 44.7 

NDF 13.9 18.4 22.9 23.0 22.7 22.2 

CP 13.4 14.2 19.6 18.6 17.3 18.2 

Fat 3.9 5.0 6.1 6.2 4.8 7.0 
1Treatments included CON-control; HIPRO20-20% high protein distillers grains; HIPRO40-40% high protein 

distillers grains; BRAN+SOL-40% corn bran plus solubles; DDGS-40% traditional dry distillers grains; WDGS-40% 

traditional wet distillers grains 
2DRC = dry-rolled corn, HMC = high-moisture corn, HiPro DDG = high-protein dry distillers grains, DDGS = dry 

distillers grains plus solubles, WDGS = wet distillers grains plus solubles, FGC = fine-ground corn 
3Premix contained 10% Mg, 6% Zn, 4.5% Mn, 0.5% Cu, 0.3% I, and 0.05% Co 
4Premix contained 1,500 IU of vitamin A, 3,000 IU of vitamin D, and 3.7 IU of vitamin E per g 
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Table 2.4. Effect of feeding HiPro DDG or Bran+Solubles on performance and carcass characteristics of 

finishing steers (Exp. 1) 

 Treatment 

 CON HIPRO BRAN+SOL DDGS WDGS  SEM P-Value 

Performance         

Initial BW, kg 274 273 275 274 274  1.8 0.70 

Final BW, kg 597b 620a 629a 612ab 597b  17.3 0.03 

DMI, kg/d 9.8 9.6 9.7 9.7 9.5  0.28 0.62 

ADG, kg 1.71b 1.83a 1.87a 1.78ab 1.70b  0.089 0.02 

G:F 0.175c 0.190ab 0.193a 0.183bc 0.179c  - 0.02 

Energy Value         

NEm, Mcal/kg1 1.96 2.05 2.05 1.94 1.97  0.037 0.13 

NEg, Mcal/kg2 1.31 1.39 1.39 1.31 1.31  0.032 0.12 

Feeding Value, %3 
- 121 126 111 106  - - 

         

Carcass Characteristics        

HCW, kg 376b 390a 396a 385ab 376b  10.9 0.03 

LM Area, cm2 85.1 85.8 87.7 87.1 85.8  0.26 0.84 

Marbling4 463 461 454 480 453  14.5 0.69 

Fat Depth, cm 1.27 1.27 1.27 1.30 1.22  0.022 0.92 

Calc YG5 3.2 3.3 3.2 3.2 3.1  0.11 0.86 
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abc Values within rows with unique superscripts are different (P < 0.10) 
1 Predicted NEm values for diets calculated using NRC (1996) equations, assumed TDN value of corn (88%) 
2 Predicted NEg values for diets calculated using NRC (1996) equations, assumed TDN value of corn (88%) 
3 Feeding value expressed as a relative percentage to the energy value of corn 
4 400 = Small0, 500 = Modest0 
5 Calculated as 2.5 + (0.9843 × 12th rib fat, cm) + (0.2 × 2.5(KPH, %)) – (0.0496 × LM Area, cm2) + (0.0084 × HCW, kg) 
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Table 2.5. Effect of feeding high protein distillers grains or corn bran plus solubles on dry matter, organic 

matter, NDF and ADF digestibility, energy intake, and in situ NDF digestibility (Exp. 2) 

 Treatment1   

 CON HIPRO20 HIPRO40 BRAN+SOL DDGS WDGS SEM P-Value 

DM         

Intake, kg/d 11.8 12.1 11.0 11.7 10.9 11.4 0.65 0.55 

Fecal output, kg/d 2.5 2.9 3.1 2.9 2.9 2.9 0.24 0.45 

Digestibility,% 79.1a 76.1ab 72.0c 74.5bc 73.1bc 74.0bc 1.55 0.04 

OM         

Intake, kg/d 11.4 11.6 10.5 11.1 10.4 10.8 0.62 0.42 

Fecal output, kg/d 2.2 2.6 2.7 2.5 2.5 2.5 0.24 0.56 

Digestibility,% 81.0a 78.0ab 74.6b 77.4b 76.0b 76.8b 1.49 0.06 

NDF         

Intake, kg/d 1.64c 2.23b 2.52ab 2.69a 2.48ab 2.53ab 0.143 <0.01 

Fecal output, kg/d 0.70c 1.04b 1.19ab 1.03b 1.35a 1.00b 0.107 <0.01 

Digestibility,% 57.6a 54.0ab 52.8ab 61.6a 45.5b 59.0a 3.58 0.07 

ADF         

Intake, kg/d 0.77c 1.26b 1.59a 1.64a 1.17b 1.52a 0.083 <0.01 

Fecal output, kg/d 0.45 0.53 0.61 0.54 0.62 0.54 0.054 0.26 

Digestibility,% 42.0b 58.4a 62.4a 66.9a 44.8b 63.2a 6.86 <0.01 

Energy         

GE Intake, Mcal/d 50.5 54.7 52.4 55.9 50.7 53.0 3.02 0.56 

GE Intake, Mcal/kg 4.27d 4.52c 4.78a 4.79a 4.65b 4.65b 0.024 <0.01 

Fecal Energy, Mcal/d 11.3 13.3 14.5 13.8 13.0 13.7 1.13 0.32 

DE, Mcal/d 39.1 41.5 37.9 42.1 37.3 39.3 2.50 0.61 

DE, Mcal/kg2 3.32 3.44 3.48 3.59 3.45 3.42 0.081 0.34 

         

In situ NDFD, %3 16.0 16.1 14.6 13.9 15.7 15.5 0.01 0.64 
a-d Values within rows with differing superscripts are different (P < 0.10) 
1Treatments included CON-control; HIPRO20-20% high protein distillers grains; HIPRO40-40% high protein distillers grains; BRAN+SOL-

40% corn bran plus solubles; DDGS-40% traditional dry distillers grains; WDGS-40% traditional wet distillers grains 
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2Mcal of Digestible Energy per kg of dry feed consumed 
3In situ bags containing corn bran were incubated in rumen of steers fed each treatment and averaged by treatment for digestibility 



63 
 

Table 2.6. Effect of feeding high protein distillers grains or corn bran plus solubles on ruminal pH and VFA production (Exp. 

2) 

 Treatment1  

 CON HIPRO20 HIPRO40 BRAN+SOL DDGS WDGS SEM P-Value 

pH         

Average pH 5.40 5.36 5.75 5.47 5.53 5.45 0.501 0.73 

Maximum pH 6.08 6.35 6.51 6.21 6.23 6.31 0.298 0.90 

Minimum pH 4.89b 4.85b 5.15a 4.99ab 5.04ab 4.91b 0.087 0.08 

pH Magnitude 1.18 1.49 1.36 1.22 1.19 1.40 0.243 0.83 

VFA Proportion, %2        

Acetate, %3 51.5 48.3 53.1 51.7 49.7 54.2 3.98 0.72 

Propionate, % 34.4 37.9 29.4 30.0 34.1 29.1 5.41 0.46 

Butyrate, % 10.8 9.1 12.1 14.0 10.9 11.8 2.14 0.60 

Total VFA, mM 120.6 112.1 106.9 112.7 109.9 101.2 8.95 0.75 

A:P ratio4 1.91 1.97 2.22 1.88 1.82 2.04 0.328 0.96 
a-b Values within rows with differing superscripts are different (P < 0.10) 
1Treatments included CON-control; HIPRO20-20% high protein distillers grains; HIPRO40-40% high protein distillers grains; BRAN+SOL-40% corn bran 

plus solubles; DDGS-40% traditional dry distillers grains; WDGS-40% traditional wet distillers grains 
2Average concentration over three time points (700 h, 1100h, 1500 h) 
3Percent of total VFA 
4Acetate:Propionate ratio 
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Table 2.7. Effect of feeding high protein distillers grains or corn bran plus solubles on gas production and rate of 

VFA production using ANKOM gas production modules (Exp. 2) 

 Treatment1   

 CON HIPRO20 HIPRO40 BRAN+SOL DDGS WDGS SEM P-value 

Gas Production2        

Total, mL/g DM 7.43 8.45 7.59 7.55 8.63 7.64 0.831 0.79 

Rate, %/h 66.8 56.9 59.0 66.1 60.5 58.5 0.04 0.18 

VFA Production Rate3        

Acetate, mM/h 7.9 5.7 5.9 7.8 5.3 5.7 0.87 0.15 

Propionate, mM/h 5.6 4.4 3.7 3.9 3.6 4.5 1.20 0.75 

Butyrate, mM/h 2.6 2.5 1.8 2.4 2.4 2.2 0.47 0.58 

Total, mM/h 18.9 14.3 13.5 15.7 12.3 14.2 1.95 0.23 
1Treatments included CON-control; HIPRO20-20% high protein distillers grains; HIPRO40-40% high protein distillers grains; BRAN+SOL-40% 

corn bran plus solubles; DDGS-40% traditional dry distillers grains; WDGS-40% traditional wet distillers grains 
2Whole rumen contents sampled on d 21 at 1400 h, incubated in gas bottles with ANKOM (ANKOM Technology, Macedon, NY) gas production 

modules for 6 h, calculated mL gas/g whole rumen content (DM) from cumulative pressure using the Ideal gas law and Avogadro’s law, then 

analyzed mL/g DM using Gompertz model to estimate total and rate of gas production. 
3Average rate of VFA production by treatment calculated by ([6 h] – [0 h])/ 6 h 
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Figure 2.1. Representation of fiber separation during dry-milling process. 

Description: During the dry-milling process fiber is removed pre-fermentation. The fiber can then be combined with 

solubles to create Bran + Solubles. With fiber removed, protein is further concentrated and the resulting product of this 

process is High-protein distillers grains. 
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Figure 2.2. Relationship between digestible energy and organic matter digestibility in finishing diets containing corn, HiPro 

DDG, Bran + Solubles, DDGS, and WDGS 

 
Description: Treatments included a corn control (CON), high-protein DG fed at 20% of diet DM (HIPRO20), high-protein DG fed 

at 40% of diet DM (HIPRO40), Bran + Solubles (BRAN+SOL), traditional dry DGS (DDGS), and traditional wet DGS (WDGS). 

BRAN+SOL, DDGS, and WDGS were all included at 40% of diet DM. While DE increases, OMD decreases in diets containing 

byproducts. 
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Figure 2.3. Simple effects of time and treatment on Butyrate molar concentration 

at 0700, 1100, and 1400 h (Exp. 2) 

 
Description: Treatments included a corn control (CON), high-protein DG fed at 20% of 

diet DM (HIPRO20), high-protein DG fed at 40% of diet DM (HIPRO40), Bran + 

Solubles (BRAN+SOL), traditional dry DGS (DDGS), and traditional wet DGS 

(WDGS). BRAN+SOL, DDGS, and WDGS were all included at 40% of diet DM. 
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Figure 2.4. Simple effects of time and treatment on Propionate molar 

concentration at 0700, 1100, and 1400 h (Exp. 2) 

 
Description: Treatments included a corn control (CON), high-protein DG fed at 20% of 

diet DM (HIPRO20), high-protein DG fed at 40% of diet DM (HIPRO40), Bran + 

Solubles (BRAN+SOL), traditional dry DGS (DDGS), and traditional wet DGS 

(WDGS). BRAN+SOL, DDGS, and WDGS were all included at 40% of diet DM. 
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Figure 2.5. Simple effect of treatment on Acetate:Propionate molar concentration 

at 0700, 1100, and 1400 h (Exp. 2) 

 
Description: Treatments included a corn control (CON), high-protein DG fed at 20% of 

diet DM (HIPRO20), high-protein DG fed at 40% of diet DM (HIPRO40), Bran + 

Solubles (BRAN+SOL), traditional dry DGS (DDGS), and traditional wet DGS 

(WDGS). BRAN+SOL, DDGS, and WDGS were all included at 40% of diet DM. 
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Figure 2.6. Simple effects of time and treatment on Acetate molar concentration at 

0700, 1100, and 1400 h (Exp. 2) 

 
Description: Treatments included a corn control (CON), high-protein DG fed at 20% of 

diet DM (HIPRO20), high-protein DG fed at 40% of diet DM (HIPRO40), Bran + 

Solubles (BRAN+SOL), traditional dry DGS (DDGS), and traditional wet DGS 

(WDGS). BRAN+SOL, DDGS, and WDGS were all included at 40% of diet DM. 
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ABSTRACT 

 Crossbred yearling steers (n = 300; initial BW = 415 kg; SD = 36 kg) were used 

to evaluate the effect of feeding corn bran plus solubles (BRAN+SOL), a new dry mill 

ethanol byproduct, on performance and carcass characteristics of finishing steers. 

Animals were blocked by initial BW, stratified by BW, and assigned randomly to pen (n 

= 30; 10 steers/pen). Treatments were arranged in a 2 × 2 + 1 factorial design with two 

byproducts (WDGS or BRAN+SOL) and two inclusions (20% or 40% of DM) as the 

factors. Effect of inclusion of each byproduct was analyzed including a corn-based 

control as 0% of diet DM using linear and quadratic contrasts. Byproducts replaced a 

50:50 blend of high-moisture and dry-rolled corn. A quadratic increase was detected for 

DMI with increasing inclusion of BRAN+SOL and WDGS (P ≤ 0.08). The slope of the 

quadratic comparisons were different (P = 0.07) due to a decrease in DMI at 40% 

WDGS. Cattle fed BRAN+SOL did not differ in DMI at 20% or 40%, but both were 

greater than CON. Gains increased quadratically with increased inclusion of both 

byproducts (P ≤ 0.01). This led to a linear improvement in G:F with increased inclusion 

of WDGS (P < 0.01) and a slightly lower linear improvement in G:F for increased 

inclusion of BRAN+SOL (P = 0.10). Efficiencies were similar (P ≥ 0.13) for 

BRAN+SOL and WDGS up to 40% of diet DM where WDGS cattle were numerically 

more efficient making the slopes of the linear comparisons different (P = 0.06). Hot 

carcass weight linearly increased with increased inclusion of BRAN+SOL and WDGS (P 

< 0.01). Bran + Solubles improved feed efficiency compared to corn by 6.6% for yearling 

steers. Calculated NEg was 1.80 and 1.67 Mcal/kg at 20% and 40% of Bran + Solubles as 

an ingredient, respectively giving it energy values of 120% and 111% that of corn. 
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Overall, performance appears to be similar between BRAN+SOL and WDGS for 

finishing cattle, but performance varies with inclusion.   

Key Words: bran, distillers grains, finishing, performance, solubles,
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INTRODUCTION 

 Using byproducts from the refining process, particularly distillers grains (DGS), 

to feed cattle has been done for a number of years. Technological advancements in the 

dry milling industry are focusing on fractionation of the corn kernel. Fractionation is 

perceived to allow ethanol plants to capture more valuable feed products by separating 

protein, fiber, and starch. The result is the output of new feed byproducts with differing 

nutrient composition than distillers grains plus solubles (Berger and Singh, 2010; Bremer 

et al., 2015; Buckner et al., 2011). Fiber and protein have been reported to contribute the 

greatest proportion of the positive performance results observed when feeding distillers 

grains plus solubles (Conroy et al., 2016; Oglesbee et al., 2016). In a study conducted by 

Conroy et al. (2016), steers were more efficient when 14% of dietary DRC was replaced 

by corn bran, resulting in a 118% feeding value for the corn bran compared to corn. Wet 

distillers grains had a feeding value of 136% in this experiment, therefore approximately 

75% of the response observed was due to the fiber portion.  

 Previous research by Buckner et al. (2011) studied the effect of feeding a 

combination of corn bran and condensed distillers solubles (CDS) to yearling steers 

compared to DDGS. Final BW, ADG, G:F, and HCW increased linearly with increased 

inclusion of Dakota Bran (POET Nutrition, Sioux Falls, SD). Larson et al. (2007) 

reported a linear decrease in G:F with inclusion of Dakota Bran up to 70%. Final BW and 

ADG were not affected by treatment with high inclusion of Dakota Bran. A corn bran and 

CDS blend appears to positively effect ADG while having varying effects on efficiency. 

Therefore, the objective of this study was to establish a feeding value for Bran + 

Solubles, a new byproduct resulting from a pre-fermentation fractionation process using 
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Fiber Separation Technology™ (ICM Inc., Colwich, KS), and to compare the effect of 

feeding Bran + Solubles at differing inclusions to conventionally fed WDGS. 

MATERIALS AND METHODS 

 All animal care and management procedures were approved by the University of 

Nebraska—Lincoln Institutional Animal Care and Use Committee. 

Bran + Solubles Production 

The new feed byproduct used in this trial was produced using a counter-current 

washing system (Fiber Separation Technology™, ICM, Inc., Colwich, KS) to separate 

the bran from starch during the dry-grind ethanol process. The starch is then further 

processed to produce ethanol. Separated fiber (bran) is combined with condensed 

distillers solubles (CDS) in approximately a 50:50 blend to make Bran + Solubles. The 

dry matter (DM) and crude protein (CP) content of Bran + Solubles used in this study 

was 36.3% and 23.4%, respectively. Wet distillers grains plus solubles (WDGS) were 

sourced from Green Plains Ethanol (York, NE).  

Experimental Procedure 

Crossbred yearling steers (n=300; initial BW = 414 kg; SD = 36 kg) were utilized 

in a 120-d finishing study conducted at the University of Nebraska—Lincoln Eastern 

Nebraska Research and Extension Center near Mead, NE. Steers were received as calves 

in the fall of 2016 and, upon arrival into the feedlot, animals were individually identified, 

weighed, and vaccinated for protection against BVD Type I and II, IBR, PI3, BRSV, 

Mannhemia haemolytica, and Pasteurella multocia (Bovi-Shield Gold 5, Zoetis, Inc., 

Kalamazoo, MI), Heamophilus somnus (Sumobac, Zoetis, Inc.), and parasite control 
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(Dectomax, Zoetis, Inc.). Approximately 14 d following initial vaccination animals were 

revaccinated for Heamophilus somnus (Ultrabac-7, Zoetis, Inc.) and Mannhemia 

haemolytica (Bovi-Shield Gold One Shot, Zoetis, Inc.).  Animals were mass-treated for 

bovine respiratory disease (Micotil, Elanco Animal Health, Greenfield, IN) and wintered 

on corn stalks. Steers then grazed smooth bromegrass pastures through spring and 

summer. Additionally, prior to initiation of the trial, steers were limit fed (Watson et al., 

2013) a diet containing 50% wet corn gluten feed (Sweet Bran, Cargill Corn Milling, 

Blair, NE) and 50% alfalfa hay (DM basis) at 2.0% of BW for 5 d to equalize gut fill. 

Steers were weighed on d 0 and d 1 to establish initial BW (Stock et al., 1983). Animals 

were blocked into one of 4 blocks by initial BW, stratified by BW within block, and 

assigned randomly to one of 30 pens within block. Steers were implanted (200 mg TBA, 

20 mg E; Component TE-200, Elanco Animal Health, Greenfield, IN) on d 22 to allow 

maximum payout of the implant.  

 Pens within block were assigned randomly to one of 5 dietary treatments (Table 

3.1) with 6 replications per treatment and 10 steers per pen. The light and heavy blocks 

contained 1 replication each and the two middle BW blocks contained 2 replications 

each. Treatments were arranged in a 2 × 2 + 1 factorial arrangement. The factors included 

two byproduct types (BRAN+SOL or WDGS) and two inclusions (20% or 40% of diet 

DM). Byproducts were compared to a dry-rolled corn (DRC) and high-moisture corn 

(HMC) based control diet (CON). All diets contained 7% grass hay and 5% supplement. 

Supplements were formulated to provide 33.0 mg/kg monensin (Rumensin, Elanco 

Animal Health, Greenfield, IN) and 9.7 mg/kg tylosin (Tylan, Elanco). All diets were 

formulated to meet or exceed metabolizable protein (MP) requirements using the NRC 
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(1996). Steers were adapted to diets over a 21-d step-up period. Byproduct inclusions 

were held constant while the corn blend replaced grass hay. Grass hay was initially 

included at 45% DM and stepped down while corn was stepped up in a series of five 

steps.  

 Cattle were fed ad libitum and feed bunks were evaluated daily at approximately 

0530 h for refusals so that trace amounts of feed were left in the bunk at the time of 

feeding. Feed was delivered with a truck mounted mixer and delivery unit (Roto-Mix, 

Dodge City, KS) daily at 0800 h. All feed refusals were subsampled and dried for 48-h in 

a 60⁰C forced-air oven for DM analysis and calculation of refusal DM weight (AOAC, 

1999 method 4.1.03). Dietary ingredients were sampled weekly for DM determination. 

Dietary as-fed ingredient inclusions were adjusted on a weekly basis. Steers were fed for 

120 d and harvested at a commercial abattoir (Greater Omaha, Omaha, NE). Hot carcass 

weight and liver scores were collected on the d of harvest. Hot carcass weight was used 

to adjust final BW, ADG, and G:F using a 63% dressing percentage. Marbling score, 12th 

rib fat thickness, and LM area were collected after a 48h chill.  

 Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, 

NC) as a randomized block design. Pen was used as experimental unit while block (n = 4) 

was analyzed as a fixed effect. Byproduct and inclusion, as well as the interaction 

between byproduct and inclusion were included as fixed effects. Because the interaction 

term was not significant for most variables, orthogonal contrasts were used to compare 

the slopes of linear and quadratic lines including 0%, 20%, and 40% of BRAN+SOL and 

WDGS for ADG, DMI, and G:F. Dead steers were removed from analysis.  Two animals, 

both from the WDGS20 treatment, were removed due to death from respiratory infection. 
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Treatment differences were considered significant when P ≤ 0.05 and tendencies were 

considered between P > 0.05 and P ≤ 0.10. P-values of ≤ 0.10 were considered 

significant for orthogonal contrasts of byproduct inclusion including control. Feeding 

values were calculated based on feed efficiency (G:F) using the following equation: 

{(((G:FTRT – G:FCON)/G:FCON) / byproduct inclusion, %) + 1} * 100. Feed efficiency of 

treatment is denoted as G:FTRT, and G:FCON represents the feed efficiency of the control 

treatment. Dietary NEm and NEg values were calculated for each treatment based on 

intake and performance of steers using equations from the NRC (1996) as described by 

Vasconcelos and Galyean (2007). The net energy (NE) modifier was set at 80.2 to predict 

control values and an average final BW of 650 kg was used for all treatments. Byproduct 

NEm and NEg values were calculated by changing the energy value of byproduct until 

expected performance matched observed ADG with average treatment intake. 

RESULTS AND DISCUSSION 

Byproduct Type by Inclusion Interaction 

 A byproduct type by inclusion interaction was observed for marbling (P < 0.01) 

and DMI (P = 0.02; Table 3.2). Marbling score was higher for BRAN+SOL at 20% 

inclusion, but decreased at 40% inclusion. The inverse occurred for WDGS, which was 

lower at 20%, but increased at 40% inclusion. Intakes steadily increased with inclusion of 

BRAN+SOL (Linear P < 0.01). Intakes increased to 20% WDGS and then decreased at 

40% inclusion for WDGS (Quadratic P < 0.01). There were no other interactions for 

performance or carcass characteristics (P ≥ 0.12). 

Effect Curves 
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 Dry matter intake quadratically (P < 0.01) increased with greater inclusion of 

WDGS, and tended (P = 0.08) to increase quadratically when BRAN+SOL inclusion was 

increased (Table 3.2). The slope of the lines, while both quadratic, appear to be different 

(P = 0.07). In Figure 3.1 we observed that steers fed 20% WDGS numerically had the 

greatest DMI, but intake drops off at 40% WDGS. Steers fed BRAN+SOL had similar 

DMI at both 20% and 40% inclusion while both were greater than 0%, making the 

quadratic effect less apparent. Inclusion of both WDGS and BRAN+SOL quadratically 

increased ADG (P ≤ 0.10). The slope of the lines were not different between 

BRAN+SOL and WDGS for the linear (P = 0.66) and quadratic (P = 0.80) comparison, 

and both byproducts resulted in better gains than corn alone (Figure 3.3). A linear (P < 

0.01) improvement in G:F was observed with increasing inclusion of WDGS while a 

tendency (P = 0.10) for a linear increase occurred with increasing inclusion of 

BRAN+SOL (Figure 3.2). Differences in DMI with inclusion of each byproduct were 

observed while no differences were observed for ADG with inclusion of either 

byproduct. This resulted in a difference (P = 0.06) in the slopes of the linear comparison 

of G:F between cattle fed increasing levels of BRAN+SOL compared to WDGS. Feed 

efficiency linearly increased and was numerically maximized at 40% WDGS while the 

increase in the slope of BRAN+SOL inclusion was smaller (Figure 3.3).  

Hot carcass weight linearly (P < 0.01) increased with inclusion of both BRAN+SOL 

and WDGS. Carcass weights increased from 0 to 20% WDGS, but then appeared to level 

off between 20% and 40% (410 kg v. 412 kg). Marbling score was numerically greatest 

with the 40% WDGS treatment, but was not different (P > 0.11) than the control or 20% 

BRAN+SOL treatments. Byproduct-fed cattle tended to (P = 0.09) have more back fat 
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than CON cattle although CON steers were not statistically different (P > 0.24) than 

either of the BRAN+SOL treatments. These results are consistent with results from a 

meta-analysis of byproduct feeds conducted by Klopfenstein et al. (2008). Because cattle 

tend to gain weight faster when fed byproducts, they are fatter when fed to equal days on 

feed. Due to increased back fat, calculated yield grade was greater for byproduct-fed 

cattle as well. Calculated YG was greatest for the 20% WDGS treatment, but not 

significantly different (P > 0.18) than 40% WDGS or 20% BRAN+SOL treatments. 

Control cattle had the lowest calculated YG (P < 0.04) of all treatments and 40% 

BRAN+SOL cattle were intermediate. Longissimus muscle area was not affected (P = 

0.36) by dietary treatment. 

Wet distillers grains plus solubles used in this study resulted in performance 

similar to previous research. The feeding value of WDGS at 20% DM was slightly lower 

than the 143% reported by Bremer et al. (2011), but the feeding value of 125% at 40% 

inclusion in the current trial was consistent with the 130% reported in their meta-analysis 

of DGS. The improvement in feed efficiency with increased inclusion of WDGS 

observed in the current study was consistent with previous research when fed up to 40% 

of diet DM (Corrigan et al., 2009; Watson et al., 2014). In this study, WDGS as an 

ingredient had a NEm value of 2.40 and 2.57 Mcal/kg when fed at 20% and 40% of the 

diet (DM), respectively. These values give WDGS energy values 11% and 18% greater 

than corn grain, respectively. These values are similar to the 2.11 and 2.23 Mcal/kg 

reported by Watson et al. (2014) and the trend remains that greater inclusion of WDGS 

results in improved performance. 
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Previous research regarding the use of bran and CDS does not provide consistent 

performance results, primarily due to the differing nature of corn bran. Corn bran from 

wet milling fed at 30% of diet DM resulted in a NEg of 1.33 Mcal/kg. The addition of 

15% steep to 30% bran improved the NEg to 1.45 Mcal/kg (Sayer et al., 2013). 

Additionally, Buckner et al. (2011) reported a linear increase in G:F when Dakota Bran, a 

combination of corn bran and CDS from dry milling, was increased from 0% to 45% of 

diet DM. Larson et al. (2007), however, observed no difference in G:F between 0% and 

40% Dakota Bran, but a linear decrease in G:F when Dakota Bran was increased from 

40% to 70% of diet DM. It is logical that the addition of CDS to diets containing corn 

bran would result in increased performance given the NEg of CDS in corn-based diets is 

approximately 1.38 Mcal/kg (Pesta et al., 2015). The NEm of Bran + Solubles as an 

ingredient in this study was calculated to be 2.54 and 2.38 Mcal/kg for 20% and 40% 

inclusion, respectively, while NEg was 1.80 and 1.67 Mcal/kg, respectively, indicating 

that greater inclusion slightly reduces the energy value of Bran + Solubles.. Dietary NEm 

averaged 1.88 and 1.91 Mcal/kg for BRAN+SOL and WDGS, respectively while dietary 

NEg averaged 1.14 and 1.17 Mcal/kg, respectively. 

In summary, feeding BRAN+SOL and WDGS resulted in similar performance and 

carcass characteristics measurements. Based on feed efficiency, BRAN+SOL has a 

feeding value of 129% and 118% that of corn when fed at 20% and 40% of diet (DM), 

respectively. As an ingredient, Bran + Solubles has energy values of 120% and 111% that 

of corn when fed at 20% and 40%, respectively. The energy in CDS and fiber of corn 

bran appear to have a synergistic effect when fed in combination to finishing cattle. 
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Table 3.1. Composition of dry-rolled and high-moisture corn finishing diets with corn bran plus solubles 

(BRAN+SOL) or wet distillers grains (WDG) at 20 or 40% DM inclusion 

 Treatment1 

 CON 20BRAN+SOL 40BRAN+SOL 20WDGS 40WDGS 

Ingredient2      

HMC 44 34 24 34 24 

DRC 44 34 24 34 24 

Grass Hay 7 7 7 7 7 

WDGS - - - 20 40 

Bran + Solubles - 20 40 - - 

Supplement      

FGC 1.552 2.152 2.752 2.152 2.752 

Limestone 1.730 1.730 1.730 1.730 1.730 

Tallow 0.125 0.125 0.125 0.125 0.125 

Urea 1.200 0.600 - 0.600 - 

Salt 0.300 0.300 0.300 0.300 0.300 

Beef Trace. Min.3 0.050 0.050 0.050 0.050 0.050 

Vit. ADE4 0.015 0.015 0.015 0.015 0.015 

Rumensin-90 0.017 0.017 0.017 0.017 0.017 

Tylan-40 0.011 0.011 0.011 0.011 0.011 

Nutrient Composition5     

DM 77.69 69.80 61.87 69.61 61.48 

CP 11.34 12.67 14.00 13.81 16.29 

NDF 10.69 16.89 23.20 19.07 21.56 

S 0.12 0.19 0.26 0.21 0.31 

Ca 0.85 0.88 0.90 0.89 0.91 

P 0.26 0.44 0.63 0.42 0.59 

K 0.47 0.70 0.94 0.69 0.91 
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1 Treatments included CON-control; 20BRAN+SOL-20% Bran+Solubles; 40BRAN+SOL-40% Bran+Solubles; 20WDGS-20% WDGS; 40WDGS-40% WDGS 

included on a DM basis 
2DRC = dry-rolled corn, HMC = high-moisture corn, WDGS = wet distillers grains plus solubles, FGC = fine-ground corn 
3Premix contained 10% Mg, 6% Zn, 4.5% Mn, 0.5% Cu, 0.3% I, and 0.05% Co 
4Premix contained 1,500 IU of vitamin A, 3,000 IU of vitamin D, and 3.7 IU of vitamin E per g 
5Nutrient composition expressed on a DM basis 
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Table 3.2. Performance and carcass characteristics for yearling steers fed a corn-based control (CON), corn bran plus solubles 

(BRAN+SOL) or wet distillers grains (WDG) at 20 or 40% DM inclusion in finishing diets 

        P - values 

 Treatment1    BRAN+SOL  WDG 

 CON 20BRAN+ 

SOL 

40BRAN+ 

SOL 

20WDGS 40WDG

S 

SEM F-test Int. Lin. Quad

. 

Lin. Quad. 

Performance     

Initial BW, kg 415 415 415 416 415 0.6 0.34 0.43 0.39  0.92 0.93 0.14 

Final BW, kg 618 645 648 648 651 5.5 <0.01 0.94 <0.01 0.10 <0.01 0.05 

DMI, kg/d 12.3 13.2 13.3 13.5 12.9 0.16 <0.01 0.02 <0.01 0.08 0.01 <0.01 

ADG, kg 1.69 1.92 1.95 1.93 1.97 0.045 <0.01 0.97 <0.01 0.10 <0.01 0.06 

G:F 0.137 0.145 0.147 0.143 0.153 0.0032 0.07 0.21 0.10 0.42 <0.01 0.62 

Feeding Value, %6 - 129 118 122 129 - - - - - - - 

Dietary Energy Values            

NEm, Mcal/kg2 1.80 1.87 1.89 1.85 1.96 - - - - - - - 

NEg, Mcal/kg3 1.10 1.14 1.14 1.12 1.21 - - - - - - - 

Byproduct Energy Values            

NEm, Mcal/kg4 2.187 2.54 2.38 2.40 2.57 - - - - - - - 

NEg, Mcal/kg5 1.50 1.80 1.67 1.68 1.82 - - - - - - - 

Carcass characteristics     

HCW, kg 391 406 412 410 412 3.6 <0.01 0.59 <0.01 0.27 <0.01 0.06 

Marbling 8 507 524 499 489 535 12.4 0.09 <0.01 0.64 0.17 0.12 0.04 

Fat depth, cm 1.27 1.40 1.40 1.50 1.47 0.042 0.07 0.81 0.29 0.62 0.03 0.06 

LM Area, cm2 83.2 81.9 84.5 81.2 83.2 1.23 0.36 0.84 0.88 0.09 0.77 0.27 

Calc YG 9 3.27 3.58 3.51 3.73 3.64 0.078 <0.01 0.87 0.04 0.06 <0.01 <0.01 
abc Values within rows with unique superscripts are different (P ≤ 0.05) 
1 Treatments included CON-control; 20BRAN+SOL-20% Bran+Solubles; 40BRAN+SOL-40% Bran+Solubles; 20WDGS-20% WDGS; 40WDGS-40% 

WDGS included on a DM basis 
2 Predicted NEm values for diets calculated using NRC (1996) equations, assumed TDN value of corn (88%) 
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3 Predicted NEg values for diets calculated using NRC (1996) equations, assumed TDN value of corn (88%) 
4 Predicted NEm values for byproducts calculated using NRC (1996) equations, assumed TDN value of corn (88%) 
5 Predicted NEg values for byproducts calculated using NRC (1996) equations, assumed TDN value of corn (88%) 

6 Feeding value = % change in feed efficiency/ % inclusion of byproduct 
7NEm and NEg values for corn grain, dry-rolled 
8300 = Slight, 400 = Small, 500 = Modest 
9Calculated as 2.5 + (0.9843 × 12th rib fat, cm) + (0.2 × 2.5(KPH, %)) – (0.0496 × LM Area, cm2) + (0.0084 × HCW, kg) 
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Figure 3.1. Simple effects of DM inclusion of Bran + Solubles and WDGS on DMI of 

steers 

 
Description: Treatments included a corn control (0%), Bran + Solubles at 20% and 40% 

of diet DM (BRAN+SOL20 & BRAN+SOL40), wet distillers grains at 20% and 40% of 

diet DM (WDGS20 & WDGS40). The slope of both the linear (P = 0.01) and the 

quadratic (P = 0.07) terms are significantly different for DMI. 

6

7

8

9

10

11

12

13

14

15

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

D
M

I

DM Inclusion

BRAN+SOL WDGS

WDGS

Quad. P < 0.01

y = 12.30 + 0.0932x - 0.0019x2

BRAN+SOL 

Quad. P = 0.08 

y = 12.30 + 0.0599x - 0.0007x2 



89 
 

 

Figure 3.2. Main effects of DM inclusion of Bran + Solubles and WDGS on ADG of 

steers 

 
Description: Treatments included a corn control (0%), Bran + Solubles at 20% and 40% 

of diet DM (BRAN+SOL20 & BRAN+SOL40), wet distillers grains at 20% and 40% of 

diet DM (WDGS20 & WDGS40). Neither the slope of the linear or quadratic terms are 

significantly different (P ≥ 0.66) for ADG. 
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Figure 3.3. Simple effects of DM inclusion of Bran + Solubles and WDGS on G:F of 

steers 

 
Description: Treatments included a corn control (0%), Bran + Solubles at 20% and 40% 

of diet DM (BRAN+SOL20 & BRAN+SOL40), wet distillers grains at 20% and 40% of 

diet DM (WDGS20 & WDGS40). The slope of the linear lines appear to be different (P = 

0.06); however the slope of the quadratic lines were not different (P = 0.46) for G:F. 
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