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ABSTRACT 

 Two experiments were conducted to evaluate the effects of level of 

inclusion of wet distillers grain with solubles (WDGS;  15 and 30% of dry matter 

[DM]) and WDGS source (sorghum, corn, or a 50:50 blend of corn and sorghum 

WDGS) on performance and carcass characteristics of finishing beef cattle fed 

steam-flaked corn- based (SFC) diets.  In Exp. 1, 224 steers (primarily British × 

Continental breeding) were fed steam flaked corn- based (SFC) diets consisting 

of (DM basis):  (1) SDG-15 = 15% sorghum WDGS;  (2) SDG-30 = 30% sorghum 

WDGS;  (3) CDG-15 = 15% corn WDGS;  (4) CDG-30 = 30% corn WDGS;  (5) 

BDG-15 = 15% 50:50 blend of WDGS;  (6) BDG-30 = 30% 50:50 blend of 

WDGS;  and (7) CONTROL = 0% WDGS.  Seven treatments were replicated in 8 

blocks, and arranged in a 2 × 3 + 1 factorial and were balanced for fat, with crude 

protein (CP) concentrations allowed to fluctuate.  Decreased carcass-adjusted 

final BW and hot carcass weight was observed as inclusion level of WDG 

increased in the diet (DM basis;  P ≤ 0.05).  Gain-to-feed ratio (G:F) did not differ 

among CDG, BDG, and control treatments, but G:F was numerically less with 

either level of SDG than for control and decreased (P ≤ 0.05) as WDGS inclusion 

level increased from 15 to 30%.  An interaction (P ≤ 0.05) was noted between 

SDG and BDG sources and WDGS level for carcass-adjusted G:F for the overall 

feeding period, with little difference in G:F of SDG diets as level increased from 

15 to 30% but decreased G:F with BDG diets as WDGS level increased.  Cattle 



Texas Tech University, Jon DeClerck, May 2009 

vi 
 

fed control diets had greater dressing percent (0.05< P ≤ 0.10), 12th rib fat, and 

YG than cattle fed WDGS diets (P ≤ 0.05).   

In Exp. 2, the effects of inclusion of WDG (15 and 30%) and sources 

(CDG and SDG) on in vitro rate of gas production, DM disappearance (IVDMD), 

and H2S production were evaluated.  Substrate treatments used for the in vitro 

fermentation studies were (DM basis):  (1) a SFC-based diet with no WDGS;  (2) 

a SFC-based diet with 15% CDG;  (3) a SFC-based diet with 15% SDG;  (4) a 

SFC-based diet with 30% CDG;  and (5) a SFC-based diet with 30% SDG.  Five 

treatments were arranged in a 2 × 2 + 1 factorial and were balanced for fat, with 

CP concentrations allowed to fluctuate.  An increase was observed for H2S 

production (μmoles/g of fermentable DM), as inclusion level of WDGS increased 

from 15 to 30% of the treatment substrate (DM basis;  P ≤ 0.05).  Conversely, a 

decrease was observed for area under the curve (AUC) and IVDMD as the level 

of WDG inclusion increased (P ≤ 0.05).  Control substrates had greater IVDMD, 

rate of gas production, and AUC (P ≤ 0.05) than WDGS-based substrates, and 

CDG-based substrates had a greater (P ≤ 0.05) rate of gas production, IVDMD, 

and AUC than SDG-based substrates.  Results of these experiments suggest 

that WDGS can be included at moderate levels (up to 30% of the dietary DM) in 

SFC-based diets without adverse effects on performance by finishing beef 

steers.  Nonetheless, as WDGS increased from 15 to 30%, a decrease was 

observed in IVDMD, which might explain the decrease in observed G:F ratio, 

HCW and final- adjusted BW as WDG increased from 15 to 30% of the diet of 

finishing beef steers. 
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CHAPTER I 
 

INTRODUCTION 
 

 In 2007, more than 23.4 billion liters of ethanol were produced from cereal 

grains in the U.S. (Dinneen, 2007).  The rapid expansion of the renewable fuel 

industry has stimulated interest in feeding the major coproduct of the ethanol-

production process, distillers grains (DG), to livestock.  Production of DG from 

the dry corn milling process that is used to produce ethanol was approximately 

10 million metric tons in 2006 (Dinneen, 2007).  Because of increasing availability 

of DG in the High Plains cattle feeding region, where nearly one-third of the 

feedlot cattle in the U.S. are fed to slaughter, research is needed to evaluate the 

use of both sorghum and corn DG.  Most research currently available on the use 

of DG in cattle feeding has been conducted in the Northern Great Plains, where 

corn is typically processed by dry rolling or high moisture harvesting and ensiling 

(Cole et al., 2006).  In contrast, feedlot diets in the High Plains region typically 

include steam-flaked corn (SFC) as the primary grain source (Cole et al., 2006).  

Previous studies suggest that depending on the concentration in the diet, 

inclusion of both wet and dry DG in SFC-based diets can decrease both 

gain:feed (G:F) ratio and average daily gain (ADG;  Corrigan et al., 2007;  May et 

al., 2008; Vasconcelos et al., 2007) by finishing beef cattle.  Another concern 

with feeding DG is the high concentrations of sulfur (S) found in the coproduct 

(Pritchard, 2007), which could potentially result in health problems and decrease 

feedlot performance and gain efficiency (Gould, 1998). 
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 The objectives of this research were to study the effects of the level of 

inclusion of wet distillers grain with solubles (WDGS;  15 and 30%) and 

coproduct source (sorghum, corn, or a 50:50 blend of corn and sorghum WDG) 

on performance and carcass characteristics of finishing beef cattle fed SFC-

based diets.  In addition, the effects of WDG level and source on in vitro rate of 

gas production, dry matter disappearance (IVDMD), and hydrogen sulfide (H2S) 

production were evaluated. 
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CHAPTER II 

REVIEW OF LITERATURE 
 

Ethanol Production 
 

In 2007, the United States of America produced over 23.4 billion litters of 

ethanol (Dinneen, 2007).  The use of ethanol as a fuel for automobiles dates 

back to Henry Ford’s Model T;  however, the abundance of oil suppressed the 

use of ethanol as a viable fuel source until recent years.  Domestic ethanol 

production has increased greatly in recent years, primarily as a result of 

increasing cost and dependency on foreign oil.  Ethanol can be created from 

cereal grains such as corn and sorghum using both the dry and wet milling 

processes. 

 Almost 70% of domestic ethanol is produced by traditional dry milling 

methods (RFA, 2006).  Most plants prefer dry milling because of lower energy 

costs and less equipment needed compared with wet milling.  The dry milling 

method has six main steps, which include:  milling, liquefaction, saccharification, 

fermentation, distillation, centrifugation, and dehydration.  The following 

description of the dry milling process is adapted from Davis, 2001. 

 Initially the grain is cleaned and then ground through a hammer mill to 

increase the surface area to aid in subsequent fermentation.  The finely milled 

grain or meal is then mixed with water, and sent through cookers that regulate 

temperature to 90°C to convert the starch to liquid.  Following cooking, an α-

amylase enzyme is added to hydrolyze the α-1-4 bonds and to convert the starch 
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into dextrins. The pH of the meal during liquefaction process is set between 5 

and 6, which inhibits lactic acid-producing bacteria and to ensure favorable 

fermentation.  The meal then undergoes what is referred to as saccharification.  

A secondary enzyme, glucoamylase is added to hydrolyze α-1,-6 bonds and 

convert the liquid into fermentable sugar (dextrose).  Following the 

saccharification process, yeast cultures (typically Saccharomyces cerevisiae) are 

added to the mash to initiate the fermentation process.  The mash passes 

through several fermenters to ensure maximal fermentation before being sent to 

the final batch fermentation tank for approximately 48 h.  This process results in 

the production of CO2 and yields a mixture of ethanol and wet residue.  The 

expelled CO2 can be captured, compressed, and sold for commercial use.  The 

ethanol-wet residue mix is then distilled, which separates the alcohol from the 

solid portion of the mash.  The mash or whole stillage consists of the residual 

parts of grain (fat, protein, mineral, and fiber) plus the enzymes, water, and yeast 

cells added in the ethanol production process.  The alcohol that is removed is 

approximately 95% pure ethanol.  The whole stillage is centrifuged to separate 

the solid particles or wet DG, from the water and water particles or thin stillage 

(Davis, 2001).  The WDG can be dehydrated to produce dried DG (DDG), and 

the thin stillage is passed through an evaporator, resulting in a syrup-like product 

called condensed distillers solubles (CDS;  Akayezu et al., 1998). The CDS 

contains approximately 20 to 30% crude protein and can be commercially sold or 

added to the DG product to produce WDG plus solubles (WDGS) or DDG plus 

solubles (DDGS).  There is currently no ethanol plant standard for adding 
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solubles to DG, but it is estimated that approximately 35% (DM basis) of WDGS 

are typically comprised of solubles (Erickson et al., 2005). 

 

 

Distillers Grains:  Nutrient Variability 
 

Inclusion of ethanol coproducts in beef diets can be a major concern 

because of variability of nutrients in both WDG and DDG.  The basic process of 

producing ethanol is the same across plants, but the DG produced can vary 

considerably among plants.  During the fermentation process, starch, which is 

approximately 2/3 of the kernel, is removed, resulting in nearly three-fold greater 

concentration of protein, fat, fiber, and P in DG (Stock et al., 2000).  The amount 

of solubles added to DG can significantly alter the energy density and feeding 

value of the coproduct.  Corrigan et al. (2008a) reported an average increase of 

6% ether extract (EE) content with the addition of solubles.  Lin and Chase 

(1996) indicated that the major factors affecting variability are the type of grain, 

milling processes, grain quality, fermentation processes, drying temperatures, 

and proportion of solubles added back to DG.  Grain variation in the original grain 

used for fermentation is amplified in the resulting coproduct, and Holt and 

Pritchard (2004) recommended diet formulation based on chemical rather than 

tabular values. 

Lardy et al. (2003) used 3 sources (Stock et al., 1995;  Tjardes and 

Wright, 2002;  NRC 1996) to evaluate the nutrient content of ethanol coproducts.  
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The approximate range values for WDG was reported on a DM basis and were 

as follows:  DM = 25 to 35%;  total digestible nutrients (TDN) = 70 to 110%;  CP 

= 30 to 35%;  undegradable intake protein = 47 to 57% of CP;  degradable intake 

protein (DIP) = 45 to 53% of total CP;  fat = 8 to 12%;  K = 0.50 to 1.00%;  Ca = 

0.02 to 0.03%;  P = 0.50 to 0.80%;  and S =0.46 to 0.70%. 

Guiroy et al. (2007) evaluated the nutrient content of WDGS and DDGS, 

as well as variability of corn compared to the final coproduct.  Their results 

showed that WDGS samples were more variable than DDGS samples. They also 

reported more variation in the final coproduct than in the original grain source, 

particularly variation in DM and fat content of DG compared to the original grain. 

Variation of nutrient content occurs from plant to plant, but it also occurs 

within plants during different production cycles.  A survey of 10 plants in 

Minnesota and South Dakota was conducted by Spiehs et al. (2002).  Samples 

were taken in selected plants (less than 5 yr old) every 2 mo between 1997 and 

1999.  Mean and coefficient of variation for DM, CP, crude fat, crude fiber, ash, 

ADF, NDF, Ca, and P;  values were as follows:  88.9 and 1.7;  30.2 and 6.4;  

10.9 and 7.8;  8.8 and 8.7;  5.8 and 14.7;  16.2 and 28.4; 42.1 and 14.3;  0.06 

and 57.2;  and 0.89 and 11.7%, respectively.  These calculated coefficients of 

variation illustrate the sizable variation in DDGS within and among plants. 

Buckner et al. (2008) sampled WDGS from 6 ethanol plants in Nebraska 

to study variation both within and across plants.  During 2 periods, plants were 

sampled 10 times daily for 5 consecutive days.  Considerable variation was 

reported for fat and S, whereas CP and P variation was not notable.  The 
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greatest variation was for S (% of DM) concentration, which varied within plants 

from 0.44 to 1.72% and among plants from 0.65 to 90%.  The CV for S ranged 

from 3.5 to 36.3%, with the CV for most plants at 5 to 7%. The variation of S 

among plants and within loads from the same plant underscores the need for 

using chemical nutrient analysis determined on stocks of DG for successful diet 

formulation.  Across the sampling periods, fat (% of DM) averages did not vary 

significantly within plants, and among plants, the average fat content was 11.8% 

with a range of 10.7 to 13.1%.  This finding suggests changes in fat content from 

plant to plant can be attributed to processing methods, possibly related to the 

amount of solubles added to WDG (Buckner et al., 2008). 

Belyea et al. (2004) studied factors affecting variation in coproducts and 

the relationship between corn grain and DDGS nutrient concentration.  Samples 

were taken from a Minnesota ethanol plant for 5 consecutive years.  Ground corn 

samples were obtained from the storage bins before fermentation, whereas 

DDGS samples were collected at a sampling port.  Matching ground corn 

samples and DDGS samples (from the same fermentation batch) was deemed 

highly difficult, and therefore not attempted;  however, both ground corn and 

DDGS samples were taken at steady-state processing conditions.  Belyea et al. 

(2004) reported no correlation between the composition of corn and DDGS.  This 

suggests that variation in DDGS is independent of composition of corn.  Their 

data also validated the idea that disappearance of starch during the ethanol 

production process concentrates residual nutrients in DG, as significant 

correlations were observed among most nutrients in DDGS (Belyea et al., 2004). 
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Al-Suwaiegh et al. (2002) conducted beef and dairy experiments to 

analyze both corn and sorghum DG in wet and dry forms.  The DM content was 

35.4 and 92.2% for wet and dry DG, respectively.  The nutrient composition 

obtained from chemical assays did not differ greatly between the coproducts.  

The CP of corn DG was 29.7% (DM basis;  average between wet corn DG and 

dry corn DG), whereas the CP content for sorghum DG (average between wet 

sorghum DG and dry sorghum DG) was 32.1% (DM basis).  The EE content for 

corn DG was 14.3% (DM basis), whereas sorghum DG had a value of 13.2% 

(DM basis).  The NDF content for corn DG was 42.5% (DM basis) and 43.6% 

(DM basis) for sorghum DG.  The ADF values differed between corn and 

sorghum DG at 25.4 and 28.5% (DM basis), respectively (Al-Suwaiegh et al., 

2002). 

 

Distillers Grains:  Protein Quality 
 

Distillers grain is often fed as a protein source, but more 50% of the intake 

protein in DG can escape ruminal degradation.  During dehydration of WDG, 

prolonged exposure to high temperatures can cause a chemical “browning 

reaction,” damaging the protein, and increasing the concentrations of 

undegraded intake protein (UIP) within the coproduct (Akayezu et al., 1998).  

According to NRC (1996), UIP of corn DDG and DDGS is 52 and 47% of the CP, 

respectively;  however, Harty et al. (1998) found UIP concentrations of DG to 

range from 40 to 68%, with a mean of 53%. 
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 Ham et al. (1994) evaluated the energy and protein values of WDG and 

DDG in a growing and finishing trial.  The study also investigated the detrimental 

effects of high temperature on protein quality of DDG during the dehydration 

process.  A trial with growing cattle was used for protein evaluation and consisted 

of 60 British crossbred calves (204 kg) allocated randomly to 5 treatment diets.  

Treatments consisted of a control diet, plus 4 diets in which corn was replaced 

with DG (a WDG diet, a DDG diet with low acid detergent insoluble nitrogen 

[ADIN] concentration, a DDG diet with medium ADIN, and a DDG diet with high 

ADIN).  The control diet was comprised of 32% sorghum silage, 50% ground 

corncobs, 14% ground corn, 3.85% dry supplement, and 2% urea, which was 

added to make all treatments isonitrogenous at 11.5% CP (DM basis).  Cattle 

supplemented with urea gained less than those fed the distillers coproduct.  

Performance differences between WDG and DDG, and different levels of ADIN 

were not significant, suggesting that ADIN is not an effective indicator of protein 

damage and value of DG coproducts (Ham et al., 1994). 

 Firkins et al. (1984) evaluated the quantity of protein that escaped ruminal 

fermentation in WDG, DDG, wet corn gluten feed (WCGF), and dry corn gluten 

feed (DCGF).  Five Angus x Hereford steers (550 kg) were fitted with ruminal and 

duodenal cannulas and used in a 5 x 5 Latin square design.  Diets were 

isonitrogenous at 13.5% CP and consisted of (DM basis):  a control diet with urea 

and diets with 25.1% WDG, 25.1% DDG, 37.5% WCGF, or 37.5% DCGF.  Each 

diet included 20% cracked corn (DM basis) and was balanced with ground corn 

cobs and corn starch grits to obtain 70% TDN.  Steers fed WCGF or DCGF diets 
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had less (P < 0.05) NH3-N reaching the duodenum than steers fed WDG or DDG 

diets.  In addition, steers fed the WDG or DDG treatments tended (P< 0.07) to 

have greater solid-phase N flows than those fed WCGF or DCGF.  Total 

duodenal N flow tended to be greater (P < 0.07) for steers fed WDG or DDG than 

steers fed WCGF or DCGF, and ruminal escape protein concentrations of WDG 

and DDG (47 and 54%) diets were greater (P < 0.05) than those of WCGF and 

DCGF (26 and 14%) diets (Firkins et al., 1984). 

 Subsequently, Firkins et al. (1985) conducted a finishing experiment as a 

part of an 8-trial study to evaluate the feeding value of distillers grains and corn 

gluten feed in both wet and dry forms.  Eighty-four Charolais steers (274 kg initial 

BW), were allotted to 4 treatments that were isonitrogenous (11.5% CP, DM 

basis).  Treatments consisted of: a control diet, and 3 diets in which corn silage 

and soybean meal were replaced with coproducts (34.9% WCGF, 34.9% DCGF, 

and 17.4% DDG).  Cattle receiving DDG were more efficient (P < 0.05) than 

those fed the control and corn gluten-based diets. The authors suggested that 

this finding might have resulted from the high concentration of UIP in DDG diets, 

although the results might have been amplified by the fast growing large-framed 

cattle used in the trial. (Firkins et al., 1985). 

 Vasconcelos et al. (2007) evaluated the effects of sorghum wet distillers 

grain plus solubles (SWDGS) and DIP concentrations on performance and 

carcass characteristics of finishing beef steers.  Two-hundred steers (primarily 

British × British and British × Continental crosses;  approximately 369 kg initial 

BW) were allotted to 4 dietary treatments.  Diets were 90% concentrate and 
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SFC-based and consisted of:  a control formulated to contain 13.5% CP and 

8.4% DIP (DM basis) and 3 diets containing 10% SWDGS with varying levels of 

urea and DIP (formulated to restore 0, 50, or 100% of the difference in DIP 

between the control diet and the 10% SWDGS diet with no urea).  The authors 

reported a linear decrease in DM intake (DMI) with increasing DIP concentrations 

in the SWDGS diets.  Cattle fed diets containing 10% SWDGS had a lower ADG 

(P = 0.04), G:F (P = 0.07), and final BW (P = 0.03) than cattle fed control diets. 

 
Distillers Grains:  Dietary Inclusion 

 

Quantifying the optimal level of DG in finishing beef diets is essential for 

profitable use of DG in cattle production.  Numerous studies have been 

conducted, with results varying presumably because of differences in nutrient 

variability, coproduct source, and corn processing method used in the basal diet.  

Erickson and Klopfenstein (2002) reported that diets containing 15% DG or less 

(DM basis) principally reflected user of DG as a protein source, whereas diets 

containing greater than 15% DG (DM basis) reflected use of DG as an energy 

source.  Vasconcelos and Galyean (2007), conducted a survey of 29 consulting 

feedlot nutritionists, and reported that 82.76% of participants included grain 

coproducts in finishing diets.  Inclusion of coproducts in finishing diets ranged 

from 5 to 50% (DM basis; average = 16.5%; mode = 20%). 

May et al. (2008) evaluated inclusion of WDGS in SFC-based and DRC-

based finishing beef diets.  Six hundred-twenty-four crossbred yearling steers 

were allotted to 8 dietary treatments, which consisted of SFC or DRC each 
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containing 0, 10, 20, or 30% WDGS (DM basis).  Results indicated that feed-to-

gain ratio and ADG did not differ (P = 0.21) among treatments;  however, DMI 

decreased in SFC-based diets and increased in DRC-diets as the percentage of 

WDGS increased in the diets.  The authors also observed minimal performance 

improvement WDGS was added to SFC-based diets.  There were fewer reported 

yield grade (YG) 1 carcasses for cattle fed WDG compared with control diets, 

although no differences were reported among other YG categories.  No 

differences were noted among control and WDG treatments for incidence of liver 

abscesses, 12th rib k fat, KPH, and LMA. 

 Leibovich et al. (2008) used 160 British x continental steers in a finishing 

trial to evaluate the inclusion of SWDGS in SFC and DRC-based diets.  Four 

dietary treatments were arranged in a 2 x 2 factorial, with treatments consisting 

of:  (1) SFC- based diet with no SWDGS;  (2) SFC-based diet with 15% SWDGS 

(DM basis);  (3) DRC-based diet with no SWDGS, and (4) DRC-based diet with 

15% SWDGS (DM basis).  Diets were isonitrogenous at 14.5% CP and balanced 

for fat.  No interactions (P > 0.20) were observed between SWDGS inclusion and 

corn processing method.  During the first 2 periods of the trial (d 0 to 35, and d 0 

to 70), DMI was less by cattle fed 15% SWDGS, although when the overall 

period data were analyzed, DMI did not differ as a result of SWDGS addition to 

the diets (d 0 to 105 and d 0 to end).  Cattle fed 15% SWDGS (DM basis) had a 

lower ADG (P < 0.01) than those not fed SWDGS.  In addition, cattle fed DRC-

based and 15% SWDGS diets had decreased G:F (P < 0.01) compared with 

those fed SFC-based diets and diets without added SWDGS.  Results showed 
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an increased % USDA Choice or greater and marbling score, in SFC-based diets 

with 15% SDG than in SFC-based diets without SDG.  The authors reported 

lower HCW (P = 0.01) and dressing percent (DP%) (P = 0.03) for cattle fed 15% 

SWDGS diets compared with controls (Leibovich et al., 2008). 

 Vasconcelos et al. (2007) evaluated the effects of increasing levels of 

SWDGS in high-concentrate diets.  Two hundred steers (approximate initial BW 

= 404 kg) were arranged in a randomized complete block design with 5 dietary 

treatments consisting of:  (1) a control diet (SFC-based) with no DG added;  (2) a 

diet containing 5% of SWDGS;  (3) a diet with addition of 10% SWDGS;  (4) a 

diet with 15% SWDGS;  and (5) a diet with 10% of CWDGS.  Addition of SWDGS 

had a negative linear effect (P = 0.01) on DMI during the first 3 periods of the 

experiment (d 0 to 28, d 0 to 56, and d 0 to 84); however, differences were not 

significant (P = 0.15) throughout the trial (d 0 to 133).  Body weight calculated 

from carcass weight adjusted to a constant dressing percent decreased linearly 

(P = 0.10) as SWDGS concentration increased from 0 to 15% in the diets, and a 

similar effect was also noted for ADG.  Comparing SWDGS 10% and CWDGS 

10% treatments, DMI tended (P = 0.10) to be greater for SWDGS;  however G:F 

and ADG did not differ between the 2 WDG sources.  Longissimus muscle area 

and HCW decreased linearly (P = 0.10) with increasing levels of SWDGS.  In 

contrast, yield grade (YG) increased in a linearly with increasing levels of 

SWDGS (Vasconcelos et al., 2007). 

 Ham et al. (1994) evaluated the inclusion of DDG with different ADIN and 

WDG levels in finishing beef diets.  The trial used 160 British crossbred yearling 
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steers (average initial BW = 392 kg), blocked by BW and allotted to 1 of 5 

treatments.  Diets were DRC-based and consisted of:  a control diet, a diet in 

which 40% of DRC was replaced with WDG, and 3 diets in which 40% of DRC 

was replaced with DDG that contained low, medium, and high concentrations of 

ADIN.  Formulated diets contained at least 12% CP, 0.7% Ca, 0.35% P, 0.7% K, 

28 mg of monensin/kg of diet, and 11 mg of tylosin/kg of diet (DM basis).  Results 

showed that cattle fed DG gained faster and more efficiently (P < 0.05) than 

control cattle.  Cattle fed WDG and DDGS had similar ADG (1.69 and 1.68 kg, 

respectively);  however, cattle consuming WDG had lower DMI and were thereby 

more efficient (P < 0.05) than cattle fed DDG.  The authors reported no 

significant effects of ADIN concentration on performance, and carcass 

characteristics did not differ among treatments. 

Al-Suwaiegh et al. (2002) evaluated the inclusion of sorghum and corn 

WDG in finishing diets offered to individually-fed cattle.  The SWDG and CWDG 

used in this experiment were obtained from the same ethanol plant.  Sixty Red 

Angus yearling steers (approximately 360 kg initial BW) were arranged in a 

completely randomized design.  Dietary treatments consisted of a DRC control 

diet and 2 diets in which WDG replaced DRC (a 30% SWDG [DM basis] diet and 

a 30% CWDG [DM basis] diet).  Diets were not balanced for fat or CP.  Results 

showed no differences for DMI between control and WDG diets;  however, ADG 

was greater (P < 0.01) by cattle fed WDG diets than by controls, and accordingly 

G:F also was greater for cattle fed WDG diets.  Cattle fed SWDG had a greater 

DMI (P = 0.02) than those fed CDGS.  Cattle fed control diets had a lower final 
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adjusted BW (HCW divided by a fixed dressing percent value of 63) than those 

fed diets with WDG (P = 0.03).  In addition, cattle fed WDG treatments had a 

greater HCW (P = 0.03) and 12th rib fat (P < 0.01) than cattle fed the control diet.  

The comparison of coproduct sources showed a tendency (P < 0.10) for SWDG-

fed cattle to have greater 12th rib fat thickness at than CWDG-fed cattle (Al-

Suwaiegh et al., 2002). 

Depenbusch et al. (2008) compared sorghum-based distillers grain 

(SDGS) and corn-based distillers grain (CDGS) in finishing beef steers fed SFC- 

based diets.  Two hundred and ninety-nine crossbreed steers (approximately 363 

kg initial BW) were fed isonitrogenous diets with 14% CP and 15% DGS (DM 

basis).  Cattle fed CDGS tended to be more efficient than cattle feed SDGS.  In 

addition, cattle fed CDGS had a greater dressing percent than cattle fed SDGS.  

Moreover, cattle fed either of the DGS sources had significantly lower dressing 

percents than cattle fed control diets.  The authors reported no difference in 

longissimus muscle area (LMA), kidney, pelvic, and heart fat (KPH), 12th rib fat 

thickness, and USDA quality and yield grades among treatments. Furthermore, 

there was no difference observed in total tract digestibility of and growth 

performance between SDGS and CDGS, suggesting that the 2 sources have 

comparable feeding value in SFC- based finishing diets (Depenbusch et al., 

2008). 

In a paper described previously, Firkins et al. (1985) evaluated inclusion 

levels of WDG in high-moisture-corn-based (HMC) finishing diets.  The trial 

included 132 crossbred steers (average initial BW= 328) that were allotted 
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randomly to 12 pens.  Dietary treatments included a control HMC-based diet and 

2 diets with WDG inclusion at 25% and 50% (DM basis), where WDG replaced 

HMC and soybean meal (SBM).  Results showed no significant difference among 

treatments for final BW and DMI, although ADG increased linearly as WDG 

inclusion levels increased (P < 0.08).  As a result, increasing levels of WDG 

improved G:F linearly (P < 0.07) throughout the trial. 

Huls et al. (2008) evaluated the effects of inclusion level of modified DGS 

(MDGS) in the diet of finishing beef steers.  Ethanol plants partially dry WDG and 

add all the solubles to the product to produce MDGS.  Dry matter of MDGS 

typically ranges from 42 to 48%.  The trial involved 288 yearling crossbred steers 

(average initial BW = 332 kg) that were blocked on the basis of BW and allotted 

to 1 of 6 dietary treatments.  Dietary treatments were based on a basal diet 

comprised of DRC and HMC (in a 1:1 proportion) with inclusion of MDGS at 0 

(control), 10, 20, 30, 40, or 50% (DM basis). The authors observed a quadratic 

response of ADG (P < 0.01), with the optimal inclusion level of MDGS at 20%.  In 

contrast to ADG, feed conversion increased linearly with increasing MDGS levels 

in the diet (P < 0.01).  Final adjusted HCW responded quadratically (P < 0.01) to 

increasing MDGS level.  The authors suggested that MDGS could be fed at 

levels between 20 to 40% of finishing diets on a DM basis (Huls et al. 2008). 

Lodge et al. (1997) developed a composite feed with similar nutritional 

value to distillers grain.  The composite feed (COMP2) consisted of WCGF, 

protein concentrate (corn gluten meal;  CGM), and fat.  A feedlot study was 

designed to test the composite feed.  The trial consisted of 60 yearling steer 
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(average initial BW = 272) that were blocked based on previous performance and 

BW gain.  Dietary treatments included:  a control DRC- based diet, 40% WCGF 

(DM basis), 40% COMP2 (DM basis;  65.7% WCGF, 26.7% CGM, and 8% 

tallow), 40% – FAT (DM basis;  prepared as COMP2 without tallow), and 40% – 

CGM (DM basis;  prepared as COMP2 without WCGF).  Results showed that 

cattle fed COMP2 and – FAT diets had lower DMI (P < 0.10) than those fed other 

diets.  Steers fed the COMP2 were10% more efficient than those fed WCGF and 

DRC (P < 0.10), but no significant differences for ADG were noted among 

treatments.  The authors hypothesized that nutritional value differences among 

treatments would cause a significant response in animal gain efficiency.  

Although calculated G:F was numerically greater for cattle fed – FAT or – CGM 

diets compared with COMP2, the difference was not significant (P >0.10). 

 Larson et al. (1993) evaluated the value of wet distillers byproducts (WDB) 

in finishing diets by replacing all dietary protein and portions of DRC with WDB.  

A finishing trial was replicated over 2 yr and consisted of 80 crossbred yearling 

steers each year (Year 1 average initial BW = 317 kg;  Year 2 average initial BW 

= 340 kg). Dietary treatments consisted of a DRC- based control diet and 3 diets 

in which WDB was included at 5.2, 12.6, and 40% of the total DM in the diets. 

Results indicated that as WDB increased in diets, DMI decreased linearly (P < 

0.01);  however, ADG was not affected by inclusion of WDB, resulting in a linear 

increase in gain efficiency (P < 0.01) as WDB increased in the diet.  No 

significant differences were noted in carcass characteristics among treatments. 
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 Grain processing method also may play a role in determining optimal 

levels of DG inclusion.  Some authors have reported associative effects between 

grain processing method and DG inclusion levels.  Vander Pol et al. (2009) 

evaluated grain processing method by feeding SFC, HMC, and DRC in beef 

cattle finishing diets containing 30% WDGS.  Cattle fed SFC-based diets had a 

lower ADG than those fed HMC and DRC- based diets, and grain processing 

method did not alter G:F among the treatments. Corrigan et al. (2007) also 

evaluated the effect of grain processing method and DG inclusion level.  Dietary 

treatments were SFC-, HMC-, or DRC-based diets with 0, 15, 27.5, or 40% DG 

(DM basis).  Cattle fed SFC-based diets showed a quadratic response to final 

BW and ADG, with the optimal diet being 15% WDGS.  Cattle fed HMC- based 

diets showed a linear increase in G:F, and a quadratic response for ADG, 

whereas final BW, ADG, and G:F increased linearly as levels of WDGS 

increased in cattle fed DRC- based diets.  The authors also reported a quadratic 

effect for marbling score in WDG diets, and a linear decrease in occurrence of 

liver abscesses as DG inclusion level increased.  In contrast to these result, 

which suggested an interaction between DG inclusion and grain processing 

method, others (Leibovich et al., 2008;  Corrigan et al., 2008b) reported no 

evidence of an interaction between grain processing method and DG inclusion. 

 The possibility of an interaction between grain processing method and DG 

inclusion may help ascertain the differences reported in feeding value of diets 

containing DG.  May et al. (2008) reported lower ruminal pH for SFC-based diets 

containing DDGS compared with DRC-based diets containing DDGS.  Thus, the 
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lower ruminal pH of cattle fed SFC- based diets might decrease the digestion of 

fiber in diets containing DG, subsequently lowering both the energy available 

from DG and energy density of the diet.  In addition, DRC- based diets may be a 

better compliment with DG, because of a greater potential to increase ruiminal 

propionate production and decrease methane production compared with SFC-

based diets. 

 
Distillers Grain:  Ruminal Fermentation and Digestibility 

 
A considerable portion of the available empirical data suggests that 

efficiency of gain is improved with inclusion of DG.  This finding could be partially 

a result of the presence of residual ethanol in the product, but it can primarily be 

explained by a greater NEg concentration in diets containing DG, especially for 

comparisons involving HMC- or DRC-based diets.  The removal of starch during 

the ethanol process results in 3X greater concentrations of all remaining nutrients 

including fat, which may be the main reason for the greater NEg concentration of 

DG diets and the subsequent increase efficiency of gain.  Moreover, replacing 

corn with DG in finishing diets might decrease the occurrence of subacute 

acidosis and keep ruminal pH in more range that is favorable for microbial 

digestion of NDF (Ham et al., 1994;  Larson et al., 1993).  These hypotheses, 

however, contradict the findings of Corrigan et al. (2008b), in which 7 ruminally 

cannulated steers were arranged in a 3 x 2 factorial to evaluate the effects of 

corn processing method and inclusion of WDGS at 40% of diet (DM basis).  The 

authors reported that pH remained below 5.3 for a longer period for steers fed 
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40% WDGS (P < 0.06) than those fed a diet with no WDGS.  In addition, steers 

fed 40% WDGS tended to have a lower mean ruminal pH (P < 0.12) than those 

not fed WDGS, and addition of WDGS decreased variance in ruminal pH. 

 Vander Pol et al. (2009) evaluated DGS in a metabolism study to 

determine what nutrient of DGS accounted for increase gain efficiency in feedlot 

diets.  The trial consisted of 5 ruminally and duodenally fistulated Holstein steers 

in a 5 x 5 Latin square design.  Dietary treatments were a DRC- based control 

diet (CON), a DRC- based diet plus corn oil (CON + oil), a 40% WDGS diet (DM 

basis), a composite of corn gluten and corn bran (COMP), and a composite of 

corn gluten and corn bran with corn oil (COMP + oil).  Results suggested that the 

inclusion of WDGS did not increase ruminal pH and thereby lower the occurrence 

of subclinical acidosis.  Fat digestibility of WDGS was greater (81%) than the fat 

digestibility of corn oil (70%), which was most likely a result of a lower digestibility 

of saturated fats, as cattle fed WDGS had 21% more unsaturated fat flows in the 

duodenum than those fed corn oil.  The authors indicated that their findings 

suggest that improved gain efficiency reported with inclusion of DG is potentially 

a result of fat content, fat digestibility, and propionate production. 

 In the study by May et al. (2008) described previously, DDGS replaced 

DRC and SFC in finishing beef diets.  The authors reported lower ruminal pH for 

cattle fed the 25% DDGS diet than for those fed control diets.  Moreover, cattle 

fed DDGS had lower ruminal ammonia concentrations during the first 10 h 

following feeding and greater ruminal lactate concentrations than those fed 

control diets.  The lower ruminal ammonia concentration was likely a result of the 
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lower DIP concentrations in the DDGS diets.  Cattle fed DRC-based diets with 

DDGS had less variability in digestibility compared with feeding DDGS in SFC-

based diets. 

 Al-Suwaiegh et al. (2002) compared CWDG and SWDG in corn-based 

finishing diets.  The authors reported NEg values that were 24.7 and 33.3% 

greater than DRC for SWDG and CWDG, respectively, and attributed 42% of the 

improvement in energy value to fat, as WDG diets averaged 10.2% greater 

calculated NEg values than the control diet. 

 
Distillers Grains:  Sulfur Content 

 Sulfur (S) in a vital mineral for ruminants and is essential for optimal rate 

of gain.  Sulfur is reduced to sulfide in the rumen and is used for the synthesis of 

amino acids by ruminal bacteria.  Diets formulated with less than 0.15% S (S 

requirement;  NRC, 1996) can lead to decreased ruminal microbial protein 

synthesis, ruminal microbial counts, lactate utilization, and OM digestibility.  The 

toxic concentration of S is defined by the NRC (1996) as a concentration of S 

greater than 0.40% of the diet, although Zinn et al. (1997) showed detrimental 

effects on ruminal digestion with diets containing more than 0.20% S.  Sulfate-

reducing bacteria produce H2S as a result of S metabolism.  When abnormally 

high levels of S or S-containing AA enter the rumen, they are metabolized, 

resulting in the production of H2S.  The eructated H2S can then be absorbed 

from the gas cap of the rumen and enter the lungs and ultimately the general 

circulation (Dougherty and Cook, 1962), which could lead to 
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polioencephalomalacia (PEM), a disease characterized by necrosis of the 

cerebrocortical region of the brain (Pritchard, 2007).  One common cause of PEM 

is a thiamine deficiency, but it also has been observed in animals consuming 

high-S diets.  Gould (1998) induced PEM by exposing the cattle to high-S loads 

via diet formulation.  Increased ruminal concentrations of H2S were found in the 

cattle eating high-S diets, and the cattle did not exhibit signs of thiamine 

deficiency throughout the challenge.  Gould (1998) suggested that ruminal pH 

can affect the occurrence of PEM, as low pH seems to favor reduction of S to 

H2S.  Initial S concerns were associated with urea supplementation, for which S 

must be supplemented to maintain the proper N:S ratio.  In addition, an 

appreciable concentration of S can be found in the water in various regions of the 

country, and recent use of ethanol coprodcuts by the cattle feeding industry has 

increased concerns of S-related PEM (Lardy, 2003).  During the ethanol 

production process, sulfuric, hydrochloric, and citric acids are used to keep pH 

levels favorable for yeast cells.  In addition, S content found in the original grain 

is increased 3X by the removal of starch. 

 

Conclusions from the Literature 

 Rapid expansion of the ethanol industry and increasing corn prices have 

made use of distillers grains in feedlot diets almost unavoidable.  As the industry 

continues to expand in the High Plains, the use of CDG, SDG, and blended 

(SDG + CDG mix) distillers grain is likely to become more common in SFC-based 

finishing diets.  Empirical evidence suggests that the use of DG can lead to more 
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efficient gains and decreased feed costs, but product variability is still a major 

concern for both consulting nutritionists and cattle feeders.  Even though the 

process of ethanol production is similar among ethanol plants, nutrient content of 

DG continues to be inconsistent among plants and even among production 

cycles.  The use of chemical analyses should be applied when formulating diets 

that contain DG products.  Further research is needed to better define DG and 

grain processing interactions, optimal dietary inclusion levels, and S-related 

health concerns in feedlot cattle. 
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CHAPTER III 

 
MATERIALS AND METHODS 

 
Finishing Trial – Experiment 1 

 
Cattle Processing 

 

On January 11, 2008, 147 steers (primarily British × Continental breeding) 

were delivered to the Burnett Center.  The cattle were raised in South-Central 

Missouri and purchased through Dettle Coldwater Creek Cattle Company 

(Stratford, TX).  The cattle were guaranteed to have been vaccinated for 

respiratory diseases, and were purchased from Missouri auction barns during the 

period of January 7 to 10, 2008.  On January 10, 2008, the cattle were loaded in 

Missouri at approximately 1900 h Central Standard Time (CST) and delivered to 

the Texas Tech University Burnett Center at New Deal, TX, arriving at 

approximately 0800 h CST, at which time they were unloaded (approximately 13 

to 14 h in transit).  The average BW at arrival was 243.4 kg (average pay weight 

was 256.7 kg;  5.19% shrink).  The cattle were briefly housed (approximately 20 

h) in the Burnett Center soil-surfaced pens, with access to 0.9 kg/steer (as-fed 

basis) of sudangrass hay/steer (as-fed basis). 

Processing of the cattle began at approximately 1045 h on January 11, 

2008.  All cattle were taken through the Burnett Center working facilities for:  (1) 

placement in the ear of a numbered identification tag;  (2) recording of coat color;  

(3) vaccination with Vista 3 SQ (Intervet/Schering-Plough Animal Health, 
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Millsboro, DE) and Vision 7 with SPUR, (Intervet/Schering-Plough Animal 

Health);  (4) application of Cydectin (Fort Dodge Animal Health, Overland Park, 

KS);  and (5) injection with Micotil (Elanco Anim. Health, Indianapolis, IN).  

During processing, 3 animals were detected to be bulls. After processing, the 

cattle were housed in 9 soil-surfaced pens with 16 to 18 animals per pen.  The 

cattle were offered (as-fed basis) an additional 0.9 kg of sudangrass hay/steer 

and 3.2 kg/steer of a 65% concentrate receiving diet. 

On January 14 and 15, 2008, 96 steers (primarily British × Continental 

breeding) were gathered from South-Central Missouri auction barns by 

representatives of Dettle Coldwater Creek Cattle Company (Stratford, TX) and 

shipped to Burnett Center, arriving at approximately 1230 h CST on January 16, 

2008.  The steers were in transit for approximately 16 h and experienced a 

6.31% shrink from a pay weight of 256 kg.  Unloading began immediately after 

arrival, and the cattle were housed in the Burnett Center soil-surfaced pens (16 

steers/pen), with access to 0.9 kg/steer (as-fed basis) of Sudangrass hay and 1.8 

kg/steer of a 65% concentrate receiving diet. 

The day after arrival, at approximately 0945 h, all cattle were taken 

through the Burnett Center working facilities for initial processing, which included:  

(1) placement in the ear of a numbered identification tag;  (2) recording of coat 

color;  (3) vaccination with Vista 3 SQ (Intervet/Schering-Plough Animal Health) 

and Vision 7 with SPUR, (Intervet/Schering-Plough Animal Health);  (4) 

application of Cydectin (Fort Dodge Animal Health);  and (5) injection with Micotil 

(Elanco Animal Health).  During processing, 3 animals were detected to be bulls.  
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After processing, the cattle were housed in 6 soil-surfaced pens, with 16 

steers/pen.  After processing, the cattle were offered (as-fed basis) 1.36 kg/steer 

of sudangrass hay/steer and 1.02 kg/steer of a 65% concentrate receiving diet. 

On February 1, 2008 all cattle were switched to a 75% concentrate, which 

was a 50:50 blend of steam-flaked and dry-rolled corn.  To maintain 

approximately the same intake of net energy, the 75% concentrate diet was 

delivered at a rate of 0.23 kg/steer less than the previous day’s delivery of the 

65% concentrate diet. 

All cattle were implanted with Ralgro (Intervet/Schering-Plough Animal 

Health) on March 6, 2008 and moved to the 3 large pens at the Texas Tech 

University Beef Center, which is located adjacent to the Burnett Center.  Delivery 

of the 75% concentrate diet was adjusted to provide for a daily gain of 

approximately 0.9 kg of shrunk BW for the next 40 to 50 d. 

On April 25, 2008, all cattle were moved from the Beef Center pens and 

were weighted to obtain a BW for sorting purposes.  The steers were taken 

through the Burnett Center working facilities, weighed, and sorted randomly to 16 

soil- surfaced pens at the Burnett Center with 14 to 16 steers/pen. 

 

Treatment Assignment  

On April 25, the BW data were entered into an Excel spreadsheet 

(Microsoft Corp., Redmond, WA) and sorted by ascending BW.  Of the 242 

steers available for use in the study, 5 were eliminated because they had horns 

or bad temperament, and 1 was eliminated because he was lighter in BW and 
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unthrifty in appearance compared with the other cattle.  Thereafter, the 6 steers 

of lightest BW and 6 steers of heaviest BW were eliminated, leaving 224 steers 

for use in the experiment.  Within the 224 steers, 8 blocks were assigned to 

groups of 28 steers that were ranked by ascending order of BW.  Within each 

block, a sequence of 7 randomly selected integers numbered 1 through 7 were 

assigned to the steers, starting with the lightest 7 steers and proceeding through 

the heaviest 7 steers in a block.  This process was continued until each of the 

224 steers had been assigned a random number.  Seven treatments (described 

in a subsequent section) were assigned randomly to the integers 1 through 7.  

Blocks were then assigned to 4 contiguous pens in the Burnett Center.  Within 

each group of 7 contiguous pens in a block, treatments were assigned randomly 

to pens by the use of 8 sets of 7 randomly selected integers, with the first pen in 

the block assigned to the corresponding treatment code of the first randomly 

selected integer, the second pen in the block assigned to the corresponding 

treatment code of the second randomly selected integer, and so on through the 

seventh pen.  Pen and treatment designations were input to the spreadsheet, 

which was then sorted by pen number and subsequently by ear tag number 

within pen. 

On April 28, 2008, all cattle were switched to an 80% concentrate diet.  

Feed delivery was the same as the previous day’s delivery of the 75% 

concentrate diet.  On April 30, 2008, the cattle were taken through the Burnett 

Center working facilities and sorted into their assigned blocks.  The 28 steers in a 

block were allotted randomly into 2 adjacent soil-surfaced pens of 14 steers 
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each.  The process was started at approximately 0700 h and was completed at 

approximately 0930 h.  Subsequently, each block of cattle was taken through the 

working facilities on May 2, 2008, at which time the cattle were sorted to their 

assigned Burnett Center pen.  During sorting, each steer was implanted in the 

right ear with Revalor-S (Intervet/Schering-Plough Animal Health).  After sorting 

each block, the cattle were moved to the Burnett Center concrete, partially 

slotted floor pens (2.9 m wide × 5.6 m deep;  2.4 m of linear bunk space). 

On May 8, 2008, all cattle were taken through the Burnett Center working 

facilities to obtain an individual BW to begin the experiment.  Weighing began at 

approximately 0710 h and was completed at approximately 0930 h.  Cattle were 

fed their assigned treatment diets for the first time on this date. 

 

Treatments 

 The sorghum wet distillers grains plus soluble (SDG) used in the 

experiment was obtained from the Abengoa Bioenergy ethanol plant in Portales, 

NM.  The SDG was delivered to the Burnett Center and stored in a plastic silage 

bag for the remainder of the trial.  Samples of the product were collected from 

each truck during unloading and stored frozen.  A composite of these samples 

was used for nutrient analysis and stored frozen.  Near the completion of the 

experiment (early September), additional supplies of SDG were obtained from 

the Levelland/Hockley County Ethanol, LLC in Levelland, TX.  The product was 

delivered to the Burnett Center and stored in a commodity barn under plastic 

tarps.  The Levelland/Hockley County product was first fed on September 8, 
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2008, at which time the diets were altered to account for differences in DM 

between the new product and the Abengoa Bioenergy product that has been 

used previously.  Throughout the experiment, samples of the SDG were obtained 

weekly and stored frozen for nutrient analysis.  The corn wet distillers grain plus 

solubles (CDG) was acquired from Quality Distillers Grain, LLC in Hereford, TX.  

As with the SDG the product was delivered to the Burnett Center and stored in a 

plastic silage bag.  Likewise, during unloading and bagging, samples were 

collected for nutrient analysis (composite) and stored frozen. 

 The 7 treatments, arranged in a 2 × 3 + 1 factorial, consisted of a SFC-

based diet containing different concentrations (15 and 30%) or 3 sources (SDG, 

CDG, and a 50:50 blend of SDG and CDG) of WDG compared with a 0% WDG 

control diet:  (1) SDG-15 = 15% sorghum WDG;  (2) SDG-30 = 30% sorghum 

WDG;  (3) CDG-15 = 15% corn WDG;  (4) CDG-30 = 30% corn WDG;  (5) BDG-

15 = 15% 50:50 blend of WDG;  6) BDG-30 = 30% 50:50 blend of WDG;  and (7) 

CONTROL = 0% WDG.  All diets were balanced for fat, but CP concentrations 

were allowed to fluctuate.  Diets were formulated to meet or exceed nutrient 

requirements specified by the Nutrient Requirements of Beef Cattle (NRC, 1996). 

 

Feed Mixing and Feeding, Cattle Weighing, and Routine Management 

Feed bunks were evaluated visually each day of the experiment to 

determine the quantity of feed to offer to each pen.  After the quantity of feed to 

be provided to each pen was determined, a batch of each diet sufficient to supply 

the feed for all the pens on a given treatment were mixed in the feed-mill (all 
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were conveyed by a PTO-driven mixer unit that was pulled by a tractor.  A front-

end loader was used to add the required quantity of WDG to the PTO-driven 

mixer.  This system was used because the WDG could not be conveyed through 

the feed-mill auger systems.  The feed for each pen on a given treatment was 

then delivered with an accuracy of ± 0.45 kg to each pen.  Following the delivery 

of each diet delivery the mixer was checked visually to ensure adequate clean 

out, and thereby decrease the potential for diet cross-contamination. 

Steers were weighed at 35-d intervals during the experiment.  Individual 

non-shrunk BW (scale readability  0.45 kg;  calibrated with 454 kg of certified 

weights before use) were taken at the start of the experiment and immediately 

before shipment to slaughter.  All other weights were pen-based (scale 

readability  2.3 kg;  calibrated with 454 kg of certified weights before use).  Pen 

weights were recorded on June 12, July 17, and August 21.  At each weigh day, 

feed bunks were swept and all residual feed in the bunks was weighed and a 

subsample was used to measure DM content by heating overnight in a 100oC 

forced-air oven.  When approximately 60% of the steers in a weight block were 

deemed to have sufficient finish to grade USDA Choice (based on BW and visual 

appraisal of external fat cover), they were sent via commercial transport to the 

Cargill Meat Solutions slaughter facility at Plainview, TX. 

30 
 

On August 12, 2008, after 96 d on feed, cattle in Block 8 were weighed 

individually and shipped to the Cargill facility.  Weighing started at approximately 

0930 h and ended at 1000 h.  The cattle truck was loaded and left the Burnett 



Texas Tech University, Jon DeClerck, May 2009 

31 
 

Center at approximately 1045 h.  Texas Tech University personnel collected 

carcass data at the plant.  On September 8, 2008, after 123 d on feed, cattle in 

Block 7 were weighed individually and shipped to the Cargill facility in Plainview, 

TX for slaughter.  As before, personnel from Texas Tech University collected 

carcass data at the plant.  Loading began with the first truck at approximately 

1015 h and concluded with the third truck at approximately 1130 h.  On 

September 22, 2008, after 137 d on feed, cattle in blocks 4, 5, and 6 were 

weighed individually and shipped to the Cargill facility in Plainview, TX for 

slaughter, with personnel from Texas Tech University collecting carcass data at 

the plant.  Loading began with the first truck at approximately 1000 h and 

concluded with the third truck at approximately 1115 h.  During weighing, a bolt 

broke on the load cell on the front, right-hand side of the chute.  The break 

occurred while Pen 51 was being weighed;  thus, approximately 41 to 42 animals 

were weighed on the scale after the bolt had broken.  The scale was checked 

frequently with 100 lb of certified weights after the bolt broke, and no there was 

no evidence of inaccuracy.  Finally, on October 20, 2008, cattle in blocks 1, 2, 

and 3 were weighed individually and shipped to the Cargill facility in Plainview, 

TX for slaughter.  As with previous slaughter groups, personnel from Texas Tech 

University collected carcass data at the plant.  Loading began with the first truck 

at approximately 1030 h and concluded with the third truck at approximately 1130 

h.  During weighing, a bolt broke on the load cell on the rear, left-hand side of the 

chute.  The break was noticed while Pen 3 was being weighed.  The scale was 

checked after each subsequent pen with 100 lb of certified, and no there was no 
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evidence of inaccuracy.  In addition, the scale was checked with 453.5 kg of 

certified weights after weighing of all cattle  had been completed, and the scale 

weighed accurately through the range of 453.5 kg. 

 

Feed Sampling 

Samples of SDG and CDG were taken weekly during the experiment to 

determine DM content, whereas other dietary ingredients were sampled every 

other week during the experiment to determine DM content (forced-air oven for 

approximately 15 h at 100oC), and samples of feed from the 8 pens/ treatment 

were collected weekly throughout the experiment and composited across weigh 

periods.  Composited feed samples were analyzed for DM, ash, S, crude protein 

(CP), acid detergent fiber (ADF), Ca, and P (SDK Laboratories, Hutchinson, KS). 

 

Animal Health Problems and Treatments 

 On May 29, 2008, Seer No. 703 (Pen 56) was identified to have at least 

one testicle, which was missed during the initial processing of the cattle.  A note 

was made in the experimental weigh sheet file to indicate that the animal was a 

bull. 

 On June 12, 2008, Steer No. 719 in Pen 67 was treated for a watery eye 

with 8 mL of Micotil.  The cause of the problem was determined to be a previous 

bout of pink eye. 

On June 25, 2008, Steer No 788 from Pen 6, was observed to have 

swelling in his back left hock and was limping.  The steer was treated with 30 mL 
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of penicillin-G (s.c.) and 10 mL of dexamethasone (s.c., Phoenix Scientific, Inc., 

St. Joseph, MO), after which he was housed in a small soil-surfaced pen located 

adjacent to the Burnett Center pens and fed from the feed delivered to Pen 6.  

On July 8, 2008, Steer No. 788 was returned to Pen 6. 

On August 17, 2008, Burnett Center personnel removed Steer No. 652 

from Pen 44 because of diarrhea.  The steer was monitored and fed from the 

feed delivered to Pen 44 before being returned to Pen 44 on August 20, 2008. 

 

Carcass Evaluation 

As noted previously, personnel from the Texas Tech University collected carcass 

data, which included longissimus muscle (LM) area, marbling score, liver scores, 

percentage of kidney, pelvic, and heart (KPH), and fat thickness at the 12th rib.  

Yield grade was calculated from hot carcass weight (HCW), LM area, 12th-rib fat, 

and KPH (USDA, 1997), and USDA quality grade was determined from marbling 

score and maturity data. 

 

Statistical Analyses 

 Animal performance characteristics were analyzed as a randomized 

complete block design with a 2 × 3 +1 factorial arrangement of treatments with 

pen as the experimental unit.  Computations were made with the Mixed 

procedure of SAS (SAS Inst. Inc., Cary, NC).  Pen means for ADG and DMI were 

included in the data file, and G:F was computed as the quotient of ADG divided 

by daily DMI.  The random effect of block was included in the model, and the 
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fixed effect of treatment was included in the model.  Effects of coproduct source 

and coproduct inclusion level, as well as coproduct source × coproduct inclusion 

level interactions were evaluated by single degree of freedom F-tests.  The 

proportions of cattle grading USDA Choice or greater were analyzed assuming a 

binomial distribution using the Glimmix procedure of SAS, with block as a 

random effect and the same contrast statements as described previously. 

 
In Vitro Trial – Experiment 2 

 

Feed Samples 

 Feed ingredients consisting of SFC, cottonseed meal, CDG, SDG, urea, 

and corn oil were used to construct 5 treatment substrates for in vitro 

fermentation studies.  These substrates were used to evaluate IVDMD, rate of 

gas production, and hydrogen sulfide (H2S) concentrations in gas.  All diets were 

isocaloric (balanced for ether extract) and balanced for tabular DIP values (NRC, 

1996).  The 5 treatment substrates used for these incubations were (DM basis):  

(1) a SFC-based diet with no inclusion of WDG;  (2) a SFC-based diet with 15% 

CDG;  (3) a SFC-based diet with 15% SDG; (4) a SFC-based diet with 30% 

CDG;  and (5) a SFC-based diet with 30% SDG.  Ingredients were obtained at 

the Burnett Center and dried at the Ruminant Nutrition Laboratory at Texas Tech 

University.   Both CDG and SDG were dried using a forced-air oven for 24 h at 

50°C.  Remaining ingredients (excluding corn oil) were air-dried by placing them 

on a work bench with an electric fan blowing air over the samples for 48 h.  Once 
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dried, ingredients were ground to pass a 2-mm screen in a Wiley mill, and mixed 

into the substrates.  Ingredient and chemical composition of the substrates is 

shown in Table 4.5. 

 

In Vitro Incubations 

The basic Tilley and Terry (1963) in vitro incubation method was used for 

all 3 in vitro systems.  Approximately 0.7 g of each treatment substrate was 

weighed in triplicate, into 17, 125-mL serum bottles.  Two empty vials (blanks) 

also were used.  Additionally, seventeen 50-mL centrifuge tubes received 

approximately 0.5 g of each substrate along with 2 empty (blank) tubes and were 

used for IVDMD determination.  Substrates were weighed in triplicate, along with 

2 blanks, and were labeled from 1 to 17.  Finally, 1 g of each substrate was dried 

using a forced-air oven overnight at 100°C to calculate substrate DM. 

Collection of ruminal fluid to serve as an inoculum was performed on July 

23  and again on August 1, 2008.  An additional collection for IVDMD only was 

conducted on July 28, 2008.  Before ruminal fluid collection, 1 L of McDougall’s 

buffer was mixed, diluting 9.8 g of NaHCO3, 3.71 g of Na2HPO (anhydrous), 0.57 

g of KCl, 0.47 g of NaCl, 0.12 g of MgSO4·7H2O, and 1mL of a 4% (wt/vol) CaCl2 

solution, in distilled water.  Ruminal fluid was collected from 2 ruminally 

cannulated Jersey crossbred steers (BW = approximately 160 kg) at the Burnett 

Center approximately 4 h after being fed a 75% concentrate, steam-flaked corn-

based diet that did not include WDG.  Approximately 300 mL of ruminal fluid was 

obtained from each cannulated steer and strained through 4 layers of 
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cheesecloth.  Fluid from both steers was then composited in a thermos to 

maintain temperature during transit to the Ruminant Nutrition Laboratory. 

Each 125- mL serum bottle received 37.5 mL of McDougall’s buffer and 

12.5 mL of ruminal fluid(3:1 proportion of buffer:rumen fluid).  Centrifuge tubes 

received 27 mL of McDougall’s buffer and 9 mL of ruminal fluid, thereby 

maintaining the proportions of buffer:ruminal fluid used in the serum bottles.  

Blanks for each in vitro experiment were prepared with no substrate, and with 

similar proportions of ruminal fluid and buffer solution.  Each flask or tube was 

flush with CO2 to purge the tube of O2.  Subsequently, the serum bottles were 

capped with a butyl rubber stopper and crimp-sealed, whereas the centrifuge 

tubes were capped with rubber stoppers equipped with a 16-gauge needle for 

gas release.  Serum bottles were incubated in an oscillating shaker (Environ-

Shaker;  Lab-Line Industries, Melrose Park, IL) for 24 h, at 39°C with an 

oscillation speed of 125 rpm.  Centrifuge tubes were placed in a water bath at 

39°C for 24 h with an oscillation speed of 70 rpm. 

 

Gas Production Measurements 

Twelve Ankom Digestion Modules (Ankom Technology Corp., Macedon, 

NY) were numbered from 1 to 12.  As with the sealed-vial and centrifuge tube 

incubations, each treatment was replicated in duplicate and each Ankom flask 

received approximately 0.7 g of treatment substrate.  In addition, 2 blank flasks 

(no substrate added) were incubated under the same conditions.  At the same 

time substrates were allocated to flasks, 1 g of each treatment substrate was 
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dried using a forced-air oven at 100°C to calculate DM.  The collection of ruminal 

fluid to inoculate the gas production modules took place on the following dates:  

September 4, September 24, and October 10, 2008.  Before ruminal fluid 

collection, 1 L of McDougall’s buffer was mixed as described previously, and 

ruminal fluid was collected from the same 2 ruminally cannulated Jersey 

crossbred steers as described previously.  As before, ruminal fluid collection 

occurred approximately 4 h after the steers were fed a 75% concentrate, SFC-

based diet without added WDG.  Approximately 300 mL of ruminal fluid was 

obtained from each cannulated steer and strained through 4 layers of 

cheesecloth, and which the fluid was composited for the 2 steers into a thermos 

to maintain temperature during transit to the Ruminant Nutrition Laboratory. 

 Each Ankom flask received 37.5 mL of McDougall’s buffer and 12.5 mL of 

ruminal fluid.  Blanks were prepared with no substrate but the same volumes of 

ruminal fluid and buffer solution as flasks that received substrates.  Each flask 

was purged with CO2 and was securely fastened to the Ankom pressure monitor 

cap.  The Ankom flasks were then incubated in an oscillating shaker (Environ-

Shaker) for 24 h, at 39° C with an oscillation speed of 125 rpm. 

 

Gas Pressure Monitor 

 The Ankom Gas Production System recorded changes in pressure within 

each flask as a result of fermentation, relative to atmospheric pressure.  Each 

remote module was fitted with a wireless transmitter that sends data to a base 

unit that was controlled by a software program (Gas Pressure Monitor;  Ankom 
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Technology Corp.) on a personal computer.  In addition, each remote module 

was fitted with a pressure valve;  these valves were used to eliminate pressure 

build up within the flask.  The pressure setting for these valves was set at release 

at 20.7 kPa.  Once a module reached the set pressure value, the valves were 

signaled from the base unit to quickly open, and the lost gas pressure was 

recorded.  Readings from each module was recorded every 30 min during a 24-h 

period.  Following completion of each run the data were stored in an Excel file 

and converted from pressure readings to milliliters of gas produced using the 

following equation (Lopez et al., 2007): 

G = (Vh / Pa) * Pt; 

where G = gas volume, Vh = headspace volume, Pa = atmospheric 

pressure, and Pt = pressure measured by the transducer. 

 

In Vitro Dry Matter Disappearance 

The basic method and analysis expressed in this section was adapted 

from Galyean (1997).  A 24-h incubation in a 39°C water bath was used for 50-

mL tubes.  Following incubation, tubes were centrifuged at 2,000 × g for 15 min.  

Supernatant fluid was removed, and 35 mL of an acidified pepsin solution were 

added to each tube and incubated in a water bath for 48 h at 39°C.  Before 

centrifuging, pepsin solution was prepared by adding 6.6 g of 1:3,000 pepsin and 

100 mL of 1 N HCl to a 1-L volumetric flask, with distilled water consisting of the 

balance of the solution.  Following pepsin digestion, oven dried filter paper (No. 

541ashless;  Whatman International Ltd., Kent, ME) was used to separate the 
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contents of the tubes.  Filter papers were folded to cover undigested material and 

subsequently oven-dried at 100°C for 24 h.  Calculation for IVDMD was 

completed using the following formula: IVDMD,% = 100 x [initial sample dry 

weight – (residue-blank)/initial sample dry weight]. 

 

Hydrogen Sulfide Production 

Each 125-mL serum bottle was removed for the water bath following 24 h 

incubation at 39 C.  Total gas produced in the vial was measured using a needle 

connected by a hose to an inverted 250-mL buiret filled with water.  The needle 

was used to puncture the rubber cap of each bottle so the total gas could be 

measured by displacement of water.  Following release of the gas, a 5-mL 

syringe fitted with a valve, was used to pull a gas sample from the headspace of 

each vial.  The syringe valve was closed to prevent contamination.  The needle 

of the syringe was then placed inside a 15-mL evacuated tube (BD Vacutainer;  

Becton Dickinson and Co., Franklin Lake, NJ) tube, and the gas sample was 

slowly bubbled into alkaline water (distilled water that was brought to pH 8 with 

0.1 N NaOH) inside the evacuated tube.  One-half milliliter of a ferric chloride 

solution (described in the subsequent section) and 0.5 mL of N, N-dimethyl-p-

phenylenediamine dihydrochloride sulfate (DPD reagent;  described in the 

subsequent section) were subsequently added to the 15-mL vacutainer. 

39 
 

Ferric chloride solution was mixed by dissolving 2.7 g of ferric chloride 

(FeCl3•6H20) in 50 mL of HCl and adding distilled water to 100-mL volume.  The 

DPD reagent was mixed diluting 0.11 g of N, N-dimethyl-p-phenylenediamine 
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dihydrochloride (Sigma Chemical Co., St. Louis, MO) in a 100 mL solution that 

consisted of 2 parts of concentrated H2SO4and 1 part of distilled water (2:1 

H2SO4:H2O ratio).  Following 30 min after the addition of the reagents, a 

spectrophotometer (Beckman DU-50, Beckman Instruments, Inc., Fullerton, CA) 

at a wavelength of 665 nm was used to determine the absorbance of the solution 

in each evacuated tube. 

 

Methylene Blue Method:  Calibration Curve 

Methylene blue is formed by sulfide reacting with N, N-dimethyl-p-

phenylenediamine dihydrochloride in the presence of ferric chloride (Siegel, 

1965).  This method (see Appendix for complete details) was used to determine 

gas concentration of H2S in 125-mL in vitro bottles.  Before measuring samples, 

blanks and standards were used to create a calibration curve for the 

spectrophotometer.  First, the blank solution was prepared by mixing 1.5 mL of 

alkaline water with 1.5 mL ferric chloride and 1.5 mL of DPD.  The initial standard 

was prepared by adding 0.5 mL of Radiello Methylene Blue Calibration Standard 

for Hydrogen Sulfide (RAD 171; Supelco, Bellefonte, PA) in 24.5 mL of distilled 

water to create a blue solution with a concentration of 1.145 μg/mL of S2-.  

Additional standards were prepared by further diluting the initial standard.  A 

beaker containing 1.25 mL of distilled water was used to dilute 3.75 mL of the 

initial standard to prepare a solution with a concentration of 0.85875 μg/mL of S2-

.  Thereafter, 2.5 mL of the initial standard was diluted in 2.5 of distilled water 

(concentration of 0.57250 μg/mL S2-), with the final standard prepared by adding 
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1.25 mL of the initial standard to 3.75 mL of distilled water (concentration of 

0.28625 μg/mL of S2-).  The blank and standards solutions were the read at a 

wavelength of 665 nm in the Beckman DU-50 spectrophotometer to attain a 

calibration curve, which was calculated by regression of the standard S2- 

concentrations values on the absorbance of the calibration solutions.  Each 

standard was converted to ug/mL of H2S by dividing each concentration by 

94.09% (fraction of S in H2S).  Following calibration, each evacuated tube was 

opened and read in triplicate for absorbance on the spectrophotometer.  The 

standard curve was then used to create a regression equation to quantify the 

concentration of H2S in each gas sample.  Absorbance readings of each sample 

were averaged and multiplied by the corresponding 24-h gas production value for 

the sample and then divided by 34.08 (molecular weight of H2S) to determine 

production in terms of μmoles of H2S/24h.  Finally, the samples were corrected 

for fermentable DM and H2S introduced into the system form ruminal fluid, with 

the IVDMD data and blanks accordingly. 

 
Statistical Analyses 
 

As previously described, IVDMD was replicated on 3 separate days, H2S 

was replicated on 2 separate days, and the Ankom Gas Pressure Monitor system 

was replicated on 3 separate days.  Each day, tubes or bottles were incubated in 

triplicate to estimate the sampling error (with the exception of the continuous 

pressure monitoring system, which was incubated in duplicates each day).  The 

Mixed procedure of SAS was used to analyze H2S and IVDMD data in a 
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randomized complete block design.  Within the model, block (each separate 

collection day) was considered a random effect, and treatment substrates were 

considered fixed effects.  For each treatment, area under the curve (AUC) was 

calculated for the gas pressure data over the 24-h period and analyzed using the 

Mixed procedure of SAS.  In addition, a non-linear model was modified from 

Gompertz (Schofield et al., 1994) to fit the data from the Ankom Gas Pressure 

system.  The parameters of this model were lag time (L), maximal value (M), and 

rate of gas production (K).  These parameters were analyzed using the same 

model as described for IVDMD, AUC, and H2S with the Mixed procedure of SAS.  

Preplanned orthogonal contrasts were used to compare the control diet vs. the 

average of all other diets, the source and the level of WDG used, and the 

interaction between source and level of WDG. 
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CHAPTER IV 

 
RESULTS AND DISCUSSION 

 
 
 

Finishing Trial – Experiment 1 
 
Diet Composition 

 

Values for chemical composition of diets in Exp. 1 (Table 4.1) were 

generally in agreement with diet formulation.  Diets were balanced for ether 

extract (EE);  however, the analyzed value for BDG-15 was slightly less than 

formulated (4.39% EE, DM basis).  Diets were not balanced for CP, and as 

expected, diets containing 30% WDG (CDG-30, BDG-30, and SDG-30) were 

appreciable higher in CP than the Control diet.  Values for ADF increased in the 

diets as the percentage of WDG grain increased, particularly SDG, with SDG-30 

being the greatest, followed by BDG-30 and SDG-15.  This increase also was 

expected because of the greater ADF content of WDG than corn grain and the 

greater ADF content of SDG than CDG (Table 4.2).  Diet formulation was based 

on chemical composition of samples analyzed during the unloading of the WDG 

product (Table 4.2).  In addition, an analysis of a composite of WDG samples 

collected weekly throughout the trial was preformed (Table 4.2).  Arrival samples 

did not include the SDG from the Levelland/Hockley County LLC plant used 

during the final 6 wk of the experiment. 
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Cattle Performance 

Body Weight.  Initial BW (Table 4.3) did not differ among treatments.  Final BW 

and carcass-adjusted final BW (calculated as HCW divided by the average 

dressing percent of all treatment groups) did not differ as a result of coproduct 

source (Table 4.3);  however, BW was greater for Control cattle than those fed 

WDG (P ≤ 0.05).  In addition, cattle fed 15% WDG diets had greater final BW and 

carcass-adjusted final BW than cattle fed 30% WDG diets (P ≤ 0.05). 

 Present results agree with those of Leibovich et al. (2008), who reported 

greater final BW and carcass-adjusted final BW for cattle fed no WDG compared 

with cattle fed WSDG as 15% of the dietary DM.  Moreover, Vasconcelos et al. 

(2007) showed a linear decrease in carcass-adjusted final BW with increasing 

concentrations of SDG in beef cattle finishing diets (5, 10, and 15% of dietary 

DM).  In contrast to the present findings, Al-Suwaiegh et al. (2002) reported that 

cattle fed 30% SDG or CDG in DRC-based diets had greater final BW than cattle 

fed no WDG. 

 

Dry Matter Intake.  Cattle fed Control diets had greater DMI for every cumulative 

period (d 0 to 35, d 0 to 70, d 0 to end, or adjusted d 0 to end) throughout the 

feeding trial than cattle fed the WDG diets (0.05< P ≤ 0.10).  Moreover, cattle fed 

SDG had greater overall DMI than those fed BDG (d 0 to end;  P ≤ 0.05).  These 

findings agree with those of Larson et al. (1993), who reported that DMI linearly 

decreased with increasing levels of WDG from 0 to 40% (DM basis).  May et al. 
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(2008) reported that DMI decreased in SFC-based diets as the concentration of 

DG increased.  Conversely, these authors also reported increased DMI by cattle 

fed DRC-based diets as WDG inclusion increased.  Leibovich et al. (2008) 

reported no differences in DMI by cattle fed SFC- and DRC-based diets as 

inclusion of SDG increased from 0 to 15% (DM basis).  Ham et al. (1994) 

reported that DMI was less by cattle fed wet CDG than by cattle fed dried CDG, 

suggesting that DMI decreased as DM content of the diet decreased.  Diets 

containing SDG were higher in ADF and lower in DM, which may have diluted the 

energy concentration of the diets.  Thus, in the present study, the greater DMI 

observed by cattle fed SDG diets than by cattle fed CDG and BDG diets might 

have reflected compensation for the dilution of the dietary energy concentration 

in cattle fed the SDG diets. 

 

Average Daily Gain.  There were no significant differences in ADG as a result of 

WDG source;  however, Control cattle had greater ADG throughout the 

experimental period than those fed diets that contained WDG.  During the period 

from d 0 to 70, cattle fed 15% WDG diets had greater ADG than those fed 30% 

WDG diets (0.05< P ≤ 0.10), but the difference was not significant over the entire 

trial period (Table 4.3).  Leibovich et al. (2008) also reported decreased ADG 

with inclusion of 15% SDG compared with control cattle, and Vasconcelos et al. 

(2007) reported that ADG was greater by cattle fed no SDG than those fed by 

those fed 15% of the DM as SDG.  Conversely, May et al. (2008) reported no 

differences in ADG among diets with WDG inclusion and control diets without 
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WDG.  In addition, Ham et al. (1994) reported greater ADG by steers fed WDG 

and DDG compared with steers fed control diets that did not include WDG.  The 

greater ADG observed for cattle fed Control diets in the present study might be 

explained by diet composition and digestibility.  Control diets were lower in ADF 

(Table 4.1) and likely higher in starch concentration compared with diets 

containing WDG, which might have resulted in a lower digestibility for the WDG 

diets than for the Control diet.  This hypothesis is supported by the IVDMD data 

in Exp. 2 that will be discussed in a subsequent section (Table 4.6), and it also 

might explain the lack of a significant ADG difference between cattle fed CDG 

and SDG, despite greater DMI by cattle fed SDG.  Diets containing CDG had 

lower ADF concentrations that SDG diets in Exp. 1, and had greater IVDMD in 

Exp. 2. 

 
Gain Efficiency.  Gain efficiency was calculated by dividing ADG by DMI for the 

various cumulative periods and for the overall experiment.  During d 0 to 35, 

cattle fed BDG had greater G:F than those fed SDG (0.05< P ≤ 0.10);  however, 

this difference was not significant (P > 0.10) for the entire experimental period.  

Cattle fed the Control diet had greater G:F than cattle fed WDG diets for d 0 to 70 

and the adjusted d 0 to end periods (P ≤ 0.05).  Moreover, feeding CDG 

improved G:F compared with feeding SDG and BDG for the d 0 to 70 and 

adjusted d 0 to end periods;  P ≤ 0.05).  Level of coproduct fed also resulted in 

changes in DMI, as cattle fed 15% WDG had greater G:F than those fed 30% DG 

for the d 0 to 70, d 0 to end, and adjusted d 0 to end periods;  P ≤ 0.05).  The 
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interaction between SDG vs. BDG and WDG level was significant (P ≤ 0.05) for 

the carcass-adjusted d 0 to end period, with little effect of WDG level in SDG 

diets but decreased G:F with increasing WDG level in BDG diets. 

 Present results are similar to those of Vasconcelos et al. (2007) and 

Leibovich et al. (2008), who reported lower G:F with 15% inclusion of SDG (DM 

basis) compared with a control diet that did not include WDG.  Nonetheless, 

these findings contradict much of the research previously reviewed in Chapter II, 

in which the results of several experiments indicated greater G:F with inclusion of 

DG in cattle finishing diets (Firkins et al., 1985;  Larson et al., 1993;  Ham et al., 

1994).  Differences among these studies presumably reflects differences in the 

type of distillers grain fed (e.g., CDG vs. SDG), effects of other dietary 

ingredients or grain processing method, and factors related to cattle type, 

background, etc. 

 
NEm and NEg Calculations.  Dietary NE values (Table 4.3) were calculated 

from performance data using energy requirement equations for maintenance 

and shrunk weight gain from NRC (1996).  Feeding CDG resulted in greater 

NEm and NEg values than feeding SDG and BDG (P ≤ 0.05).  Moreover, 

cattle fed BDG diets had greater NEm and NEg values than cattle fed SDG 

diets (P ≤ 0.05), and feeding 15% WDG resulted in greater calculated NEm 

and NEg concentrations than feeding 30% WDG (P ≤ 0.05).  Al- Suwaiegh et 

al. (2002) reporter a greater NEg value for CDG than for SDG;  however, 

both values were greater than calculated values for the control diet.  The 
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findings of Al- Suwaiegh et al. (2002) are supported by the results of Lodge 

et al. (1997) and Ham et al. (1994), who also reported greater NEg values for 

DG-based diets than for control diets without DG. 

 
Carcass Characteristics 

 A decrease in HCW (Table 4.4) was noted as WDG inclusion 

increased from 15 to 30% (DM basis;  P ≤ 0.05).  This result is supported by 

the findings of Vasconcelos et al. (2007), who reported a linear decrease in 

HCW as inclusion of SDG increased from 0 to 15% (DM basis).  In addition, 

Leibovich et al. (2008) reported greater HCW for cattle fed a control diet 

without SDG than cattle fed diets with 15% SDG.  In contrast to present 

results, Corrigan et al. (2007) reported that HCW increased linearly as 

distillers grain inclusion levels increased in the DRC-based diets. 

 Dressing percent (Table 4.4) was greater for cattle fed the Control diet 

than for those fed diets containing WDG (0.05< P ≤ 0.10).  In addition, 

feeding CDG resulted in greater dressing percent and lower KPH than 

feeding SDG or BDG (P ≤ 0.05).  Leibovich et al. (2008) noted similar 

findings, and reported that inclusion of 15% SDG (DM basis) lowered 

dressing percent in both SFC- and DRC-based diets.  In the present study, 

the LM area was larger in cattle fed 15% WDG than in cattle fed 30% WDG 

(P ≤ 0.05).  Conversely, Corrigan et al. (2007) reported no significant change 

in LM area or KPH as a result of inclusion of DG in finishing diets, and 
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Leibovich et al. (2008) found no appreciable change in LM area as a result of 

adding 15% SDG to finishing diets. 

 Cattle fed the Control diet had greater 12th rib fat and yield grade (YG) 

than cattle fed WDG diets (P ≤ 0.05;  Table 4.4).  There was an interaction 

between the effect of SDG vs. BDG and level of DG for YG (0.05< P ≤ 0.10), in 

which YG increased as level of SDG increased from 15 to 30% but decreased 

with increasing level of BDG in the diet.  Corrigan et al. (2007) reported and 

quadratic effect on YG and 12th rib fat for inclusion of DG in both SFC- and DRC- 

based diets.  Vasconcelos et al. (2007) reported a linear increase in YG as 

inclusion levels of DG increased and also a numerical increase in 12th rib fat 

thickness for cattle fed DG vs. controls.  The findings of the present study 

contradict much of the research reviewed previously in Chapter II, in which the 

results of several experiments indicated greater YG as dietary inclusion of DG 

increased.  Many of these studies were not balanced for EE, however, and they 

also reported greater DMI and improved feed efficiency for cattle consuming 

diets containing DG.  In the present study, the greater YG and 12th rib fat 

observed for the Control cattle reflects the greater ADG, DMI, and final BW of 

these cattle.  Thus, cattle fed the Control diet reached a slaughter endpoint with a 

greater fat content in the body, which would result in a greater YG compared with 

cattle fed the DG diets. 

 There were no significant differences in the present study for marbling 

score, % USDA Choice or greater, % USDA Select or less, and occurrence of 

liver abscesses (Table 4.4).  Corrigan et al. (2007) reported a linear decrease in 
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occurrence of liver abscesses as DG inclusion level increased.  The authors also 

reported a quadratic effect for marbling score in WDG diets.  Conversely, 

Leibovich et al. (2008) reported increased % USDA Choice or greater and 

marbling score, in SFC-based diets with 15% SDG than in SFC-based diets 

without SDG. 

 Numerous studies have attempted to quantify the feeding value of 

WDG in finishing beef diets, with extremely varied results.  Results of the 

present study illustrate that WDG can be included at moderate levels (up to 

30%) in SFC-based diets without significant adverse effects on performance.  

Previous research has suggested that feed efficiency is improved with 

inclusion of WDG;  however, most of those studies were not balanced for EE 

and conducted with diets in which DRC was the base grain.  Present results 

indicate that G:F ratio decreased as WDG inclusion level increased from 15 

to 30% in the diet (DM basis).  With WDG at 15% of the dietary DM, CDG 

and BDG diets had a G:F response that was similar to that for the Control 

diet, but G:F was lower with either level of SDG than for the Control.  It is 

important to note, however, that despite the similar G:F for CDG, BDG, and 

Control diets, a decrease was observed for shrunk live BW, carcass-adjusted 

final BW, and HCW as inclusion level of WDG increased in the diet (DM 

basis).  This result reflected the lesser DMI with the CDG and BDG diets vs. 

the Control diet and could have been caused by several factors.  May et al. 

(2008) reported lower ruminal pH for SFC-based diets that contained WDG 

than for DRC diets with WDG, which might limit the digestion of fiber in the 



Texas Tech University, Jon DeClerck, May 2009 

51 
 

rumen, lower the ultimate energy available from the coproduct, and 

potentially affect DMI.  Interestingly, the calculated NE values for BDG were 

greater than values for SDG and numerically similar to Control and CDG 

diets.  The reason for this response with the BDG diets is not clear, although 

decreased fiber digestion caused by altered ruminal pH might help explain 

the lower G:F and NE values for SDG vs. CDG and BDG.  Additional 

research is needed to evaluate the relative nutritional value of BDG 

compared with CDG and SDG and to provide a greater understanding of the 

changes in digestion and metabolism that occur when different sources and 

concentrations of WDG are fed to finishing beef cattle. 

 

In Vitro Trial – Experiment 2 

Substrate Analyses 

 The chemical composition of treatment substrates used for the in vitro 

experiments are presented in Table 4.5.  Values were generally in agreement 

with expected values based on formulation.  Substrates were balanced for 

ether extract (EE);  however, the Control substrate was lower than 

formulated at 4.62% EE.  Accurately weighed quantities of ingredients were 

used to prepare the treatment substrates, so the lower than expected EE 

value for the Control substrate is perplexing.  The difference is most likely a 

result of the physical binding properties of corn oil, and reflects difficulty 

mixing the oil uniformly and subsequently obtaining a representative sample 

for chemical analysis.  Treatment substrates were balanced for DIP and not 
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for CP, and as expected as WDG inclusion increased, so did CP 

concentration in the substrates.  Moreover, S content also increased with 

WDG inclusion, which was expected from the S concentration in the CDG 

and SDG used to prepare the treatment substrates. 

 

In Vitro Fermentation Results 

 Results for the various in vitro incubation techniques are presented in 

Table 4.6.  No significant interactions were detected between coproduct 

source and level of DG inclusion.  Thus, main-effect comparisons will be 

discussed. 

 
In Vitro Dry Matter Disappearance 

 A decrease was observed for IVDMD for Control vs. WDG diets and 

as inclusion level of WDG increased (P ≤ 0.05).  In addition, IVDMD was 

greater (P ≤ 0.05) in substrates containing CDG than in substrates containing 

SDG.  These findings are most likely a result of increased concentrations of 

ADF in the 2 WDG sources compared with Control and in SDG compared 

with CDG.  Moreover, WDG replaced SFC in the substrates, thereby 

decreasing the proportion of highly fermentable starch.  Present findings 

support previous research by Leibovich (2008), who reported lower IVDMD in 

substrates with 15% SDG (DM basis) compared with Control substrates that 

did not include SDG. 
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 An increase was observed for H2S production (μmoles/g of fermentable 

DM) as inclusion level of WDG increased from 15 to 30% of the treatment 

substrate (DM basis;  P ≤ 0.05).  No differences were found between CDG and 

SDG for H2S production, suggesting that S concentration is likely the most 

important factor governing H2S production.  Present results support the findings 

of Gould (1998) described previously in Chapter II.  In contrast to present 

findings, Leibovich (2008) reported no difference (P = 0.15) between control diets 

and diets containing 15% SDG (DM basis) for H2S production.  The discrepancy 

between present results and the results of the Leibovich (2008) study is likely 

attributable to the relatively small variation in S concentration among treatments 

(range 0.20 to 0.24 %S) in the Leibovich (2008) study. 

 

Gas Production Responses 

Inclusion of WDG in treatment substrates resulted in increased total gas 

production per unit of DM fermented compared with Control substrates without 

WDG (P ≤ 0.05).  In addition, SDG substrates had greater gas production per 

gram of DM fermented than CDG substrates (0.05< P ≤ 0.10).  These findings 

might be partially explained by potential differences in culture pH.  Because the 

Control substrate would have contained the greatest percentage of starch, the 

production of VFA may have somewhat overwhelmed the buffering ability of the 

McDougal’s buffer, decreasing pH in the in vitro system, and ultimately limiting 

further gas production.  In addition, it also is possible that the VFA proportions 

Hydrogen Sulfide Production
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differed between Control and WDG substrates.  Increased proportions of 

propionate with the higher-starch Control substrate would be expected to 

decrease the proportions of CO2 and CH4 produced in the cultures, thereby 

decreasing total gas produced (Wolin, 1960).  Future studies should evaluate 

changes in VFA proportions in response to source and level of WDG. 

 

Non-Linear Model Parameters for Gas Production.  Treatment substrates did 

not differ for calculated lag time (L) and the estimated maximum value (M) of gas 

production;  however substrates containing WDG had a lower rate of gas 

production (k) than Control substrates (P ≤ 0.05).  In addition, CDG substrates 

had a greater k value than SDG substrates (P ≤ 0.05).  These findings agree with 

those of Leibovich (2008), who reported no difference for L (P = 0.51) or M 

between control and 15% SDG- based diets (DM basis), but a greater k value for 

control substrates than for substrates that contained 15% SDG (P = 0.04). 

 
Area Under the Curve.  A decrease was observed for AUC of the gas production 

curve determined with the Ankom system as inclusion level of WDG increased (P 

≤ 0.05).  Moreover, substrates containing CDG had a greater (P ≤ 0.05) AUC 

than substrates containing SDG.  Leibovich (2008) also reported greater AUC for 

control substrates than for substrates containing 15% SDG (P < 0.03).  These 

data agree with the IVDMD data, and suggest that substrates with more starch 

(Control) and less fiber (CDG vs. SDG and 15 vs. 30% WDG) are more digestible 

and therefore have more gas production potential. 
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Overall, the results of these in vitro fermentation experiments suggest that 

inclusion level of WDG in SFC-based substrates is highly correlated to the 

ultimate digestibility of substrate DM.  Adding WDG to SFC-based diets seems to 

lower digestibility, and CDG seems to be more digestible than SDG.  Generally, 

the AUC values resulted in very similar treatment rankings to IVDMD values.  

Finally, these results suggest that dietary concentration of S should be a good 

predictor of H2S production in the rumen.  Because these in vitro experiments did 

not consider mixtures of CDG and SDG, further research is needed to evaluate 

substrates similar to the BDG treatment used in Exp. 1, and to better understand 

the role of S level in production of H2S. 

 
Summary and Conclusions 
 
 Under the conditions of these experiments, it is clear that cattle fed a 

control diet that did not contain WDG considerably outperformed those fed WDG 

in terms of greater final BW, ADG, DMI, and HCW.  This difference might be 

attributable to greater digestibility of the Control diet, which is supported by the 

IVDMD results in Exp. 2.  Increasing inclusion of WDG from 15 and 30% of the 

dietary DM, resulted in a decrease in final BW, G:F, and HCW.  These data also 

are supported by the results of Exp. 2, as IVDMD decreased with greater 

inclusion of WDG.  Cattle fed CDG diets had greater G:F and NEg than those fed 

SDG diets, which also is supported by the differences in IVDMD between CDG 

and SDG noted in Exp. 2.  Interestingly, cattle fed the BDG diets had numerically 

similar NEg values to those fed CDG and Control diets, and greater dietary NEg 
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concentrations than cattle fed SDG diets.  Thus, overall results indicate that 

inclusion of WDG has an influential effect on substrate digestibility and 

subsequent feedlot performance. 

Further research is needed to elucidate the feeding value of BDG and to 

provide comprehensive answers concerning WDG-based diet digestibility.  It is 

possible that the differences observed in performance and dietary NEg 

concentrations in the current study reflect responses associated with the fiber 

content of WDG, and more research is needed in this area.  Given potential cost 

and water use advantages for use of sorghum vs. corn in ethanol production, it 

also would be desirable to quantify an ideal dietary concentration and optimal 

ratio SDG to CDG in blended WDG.  Future research also should consider in situ 

fiber digestion, changes in rate of passage, and changes in CH4 production, 

ruminal pH, and VFA proportions in response to coproduct source and level. 
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Table 4.1.  Composition and analyzed nutrient content (DM basis) of the finishing diets fed during the experimental period in Exp. 11 
 
 Treatment1 
                    
Item Control CDG-15 CDG-30 SDG-15 SDG-30 BDG-15 BDG-30 
 
Ingredient 
 Steam-flaked corn 72.87 69.21 56.03 69.34 55.91 69.31 55.98 
 Wet corn DG2 - 15.02 30.01 - - 7.51 15.04 
 Wet sorghum DG2 - - - 14.75 29.58 7.37 14.75 
 Alfalfa hay, ground 5.13 5.13 5.12 5.15 5.16 5.13 5.14 
 Cottonseed hulls 5.13 5.13 5.13 5.15 5.16 5.14 5.15 
 Cottonseed meal 5.50 - - - - - - 
 Urea 0.90 0.51 0.11 0.40 0.10 0.45 0.09 
 Fat 3.05 1.41 - 1.66 0.52 1.50 0.24 
 Molasses 4.01 - - - - - - 
 Limestone 0.90 1.10 1.10 1.05 1.05 1.09 1.10 
 MIN-AD 0.50 0.49 0.50 0.50 0.50 0.50 0.50 
 Supplement3,4 2.01 2.00 2.00 2.00 2.02 2.00 2.01 
 
Analyzed composition  
 DM, % 82.10 67.38 56.97 64.93 53.86 64.77 55.85 
 CP, % 12.43 13.99 16.09 13.13 18.36 13.60 16.15 
 ADF, % 10.83 11.16 11.87 13.01 15.87 11.38 14.46 
 EE, % 4.97 5.30 5.21 4.62 5.44 4.39 4.75 
 Ca, % 0.46 0.50 0.49 0.40 0.46 0.41 0.42 
 P, % 0.27 0.33 0.39 0.32 0.41 0.41 0.40 
 K, %,  0.87 0.90 0.83 0.75 0.84 0.70 0.81 
 S, % 0.18 0.20 0.26 0.19 0.31 0.19 0.28 
 
1Control = standard steam-flaked corn-based diet;  CDG-15 and CDG-30 = steam-flaked corn-based diet with either 15 or 
30%, respectively (DM basis), wet corn distillers grains plus solubles;  SDG-15 and SDG-30 = steam-flaked corn-based diet 
with either 15 or 30%, respectively (DM basis), wet sorghum distillers grains plus solubles;  BDG-15 and BDG-30 = steam-
flaked corn-based diet with either 15 or 30%, respectively (DM basis), of a 50:50 (DM basis) blend of wet corn and sorghum 
distillers grains plus solubles. 
 
2The average DM of wet corn (Quality Distillers Grains, Hereford, TX) and sorghum (Abengoa Bioenergy, Portales, NM and 
Levelland/Hockley County Ethanol, LLC, Levelland, TX) distillers grain plus solubles during the experiment was 31.18 and 
28.68%, respectively (standard deviation = 1.49 and 0.98%, respectively). 
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3Supplement for the Control diet contained (DM basis):  66.383% cottonseed meal;  0.500% Endox (Kemin Industries, Des 
Moines, IA);  0.648% dicalcium phosphate;  10% potassium chloride;  4.167% ammonium sulfate;  15.000% salt;  0.002% 
cobalt carbonate;  0.196% copper sulfate;  0.083% iron sulfate;  0.003% ethylenediamine dihydroiodide;  0.333% manganese 
oxide;  0.125% selenium premix (0.2% Se);  0.986% zinc sulfate;  0.010% vitamin A (1,000,000 IU/g);  0.157% vitamin E (500 
IU/g);  0.844% Rumensin (176.4 mg/kg;  Elanco Animal Health, Indianapolis, IN);  and 0.563% Tylan (88.2 mg/kg;  Elanco 
Animal Health).  Concentrations in parenthesis are expressed on a 90% DM basis. 
 
5Supplement for the CDG, SDG, and BDG diets contained (DM basis):  54.790% cottonseed meal;  0.500% Endox (Kemin 
Industries, Des Moines, IA);  0.648% dicalcium phosphate;  22% potassium chloride;  3.760% urea;  15.000% salt;  0.002% 
cobalt carbonate;  0.196% copper sulfate;  0.083% iron sulfate;  0.003% ethylenediamine dihydroiodide;  0.333% manganese 
oxide;  0.125% selenium premix (0.2% Se);  0.986% zinc sulfate;  0.010% vitamin A (1,000,000 IU/g);  0.157% vitamin E (500 
IU/g);  0.844% Rumensin (176.4 mg/kg;  Elanco Animal Health, Indianapolis, IN);  and 0.563% Tylan (88.2 mg/kg;  Elanco 
Animal Health).  Concentrations in parenthesis are expressed on a 90% DM basis. 
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Table 4.2.  Analyzed nutrient content (DM basis) of wet distillers grain fed in finishing diets, sampled on arrival and weekly 
during experimental period in Exp. 1 
 
 Composited arrival samples Weekly composite samples 
   
Item SDG CDG SDG CDG 
Analyzed composition  
 DM, % 96.35 97.28 95.12 95.42 
 CP, % 38.97 33.41 41.90 34.30 
 ADF, % 22.35 14.54 25.84 15.68 
 NDF % - - 39.62 36.85 
 EE, % 11.41 13.05 11.10 12.00 
 Ca, % 0.10 0.03 0.20 0.07 
 P, % 0.76 0.73 0.75 0.70 
 K, %,  0.99 0.82 0.88 0.71 
 S, % 0.66 0.59 0.70 0.59 
1 Composited arrival samples= samples collected during coproduction unloading;  Weekly composite samples= samples 
collected weekly throughout the trial;  SDG= sorghum distillers grain;  CDG= corn distillers grain. 
 
2The average DM of wet corn (Quality Distillers Grains, Hereford, TX) and sorghum (Abengoa Bioenergy, Portales, NM and 
Levelland/Hockley County Ethanol, LLC, Levelland, TX) distillers grain plus solubles during the experiment was 31.18 and 
28.68%, respectively (standard deviation = 1.49 and 0.98%, respectively).  The DM values reported above are for samples 
that had been oven-dried at 50oC before shipment to the laboratory. 
 
3 Samples were analyzed by SDK Laboratories, Hutchison, KS. 
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Table 4.3.  Effects of wet distillers grain type and level on performance by finishing beef steers in Exp. 1 
 
 Treatment1 
   
Item Control CDG-15 CDG-30 SDG-15 SDG-30 BDG-15 BDG-30 SE2 Contrasts3 
 
Initial BW, kg 390.9 393.2 390.6 392.7 390.7 389.6 390.0 9.51 NS 
Final BW, kg4 608.5 599.9 588.3 600.0 587.3 594.0 583.9 7.43 C*, L* 
Adjusted final BW, kg5 613.3 601.2 592.1 598.8 588.3 592.7 576.7 7.89 C*, L* 
           
ADG, kg4          
 d 0 to 35 2.28 2.21 2.22 2.14 2.06 2.17 2.18 0.073 C† 
 d 0 to 70 2.11 1.99 1.88 1.97 1.83 1.86 1.85 0.059 C*, L† 
 d 0 to end6 1.54 1.47 1.42 1.48 1.40 1.44 1.40 0.048 C* 
 Adjusted, d 0 to end5 1.57 1.47 1.45 1.46 1.40 1.43 1.33 0.044 C* 
           
Daily DMI, kg/steer          
 d 0 to 35 8.77 8.54 8.64 8.59 8.23 8.44 8.36 0.172 C* 
 d 0 to 70 9.63 8.98 9.11 9.37 9.01 8.88 9.02 0.217 C* 
 d 0 to end6 9.80 9.20 9.34 9.71 9.51 9.06 9.30 0.228 C†, B* 
           
G:F4          
 d 0 to 35 0.260 0.259 0.256 0.249 0.250 0.258 0.260 0.0064 B† 
 d 0 to 70 0.219 0.221 0.207 0.210 0.203 0.210 0.205 0.0044 C*, S†, L* 
 d 0 to end6 0.157 0.160 0.152 0.153 0.148 0.159 0.150 0.0034 L* 
 Adjusted, d 0 to end5 0.161 0.161 0.155 0.150 0.148 0.158 0.144 0.0036 C*, S*,L*, BI* 
           
Calculated NE values7          
 NEm, Mcal/kg of DM 2.09 2.16 2.08 2.06 2.04 2.15 2.07 0.026 S*, B*,L* 
 NEg, Mcal/kg of DM 1.42 1.48 1.42 1.40 1.38 1.48 1.41 0.022 S*, B*,L* 
 
1Control = standard steam-flaked corn-based diet;  CDG-15 and CDG-30 = steam-flaked corn-based diet with either 15 or 
30%, respectively (DM basis), wet corn distillers grains plus solubles;  SDG-15 and SDG-30 = steam-flaked corn-based diet 
with either 15 or 30%, respectively (DM basis), wet sorghum distillers grains plus solubles;  BDG-15 and BDG-30 = steam-
flaked corn-based diet with either 15 or 30%, respectively (DM basis), of a 50:50 (DM basis) blend of wet corn and sorghum 
distillers grains plus solubles. 
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2Pooled standard error of treatment means, n = 8 pens/treatment. 
 
3Orthogonal contrasts:  C = control vs. the average of all other diets;  S = the average of the CDG-15 and CDG-30 diets vs. 
the average of the SDG-15, SDG-30, BDG-15, and BDG-30 diets;  B = the average of the 2 SDG diets vs. the average of the 
2 BDG diets;  L = the average of diets with CDG-15, SDG-15, and BDG-15 diets vs. the average of the CDG-30, SDG-30, and 
BDG-30 diets;  SI = the interaction of contrast S with contrast L;  and BI = the interaction of contrast B with contrast L.  * = P ≤ 
0.05;  † = 0.05< P ≤ 0.10;  NS = P >0.10. 
 
4The ADG data for d 0 to 35 and d 0 to 70 were not shrunk;  however, a 4% shrink was applied to final BW and adjusted final 
BW for calculation of ADG from d 0 to end and adjusted, d 0 to end.  No shrink factor was applied to initial BW data in any 
calculations. 
 
5Adjusted final BW equaled hot carcass weight divided by average dressing percent (62.43%).  Adjusted gain (d 0 to end) 
was calculated from the adjusted final BW and the initial BW, and adjusted G:F (d 0 to end) was calculated as the ratio of 
adjusted ADG to d 0 to end DMI. 
 
6Cattle in the blocks through 1 through 3, 4 through 6, 7, and 8 were on feed for 165, 137, 123, and 96 d, respectively, 
resulting in an average of 140.63 d on feed. 
 
7Dietary NE values calculated from performance data using energy requirement equations for maintenance and shrunk 
weight gain from NRC (1996). 
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Table 4.4.  Effects of wet distillers grain type and level on carcass characteristics of finishing beef steers in Exp. 1 
 
 Treatment1 
   
Item Control CDG-15 CDG-30 SDG-15 SDG-30 BDG-15 BDG-30 SE2 Contrasts3 
 
Hot carcass weight, kg 398.8 391.0 385.0 389.4 382.6 385.4 375.1 5.13 C*, L* 
Dressing percent 62.94 62.57 62.87 62.28 62.34 62.33 61.66 0.348 C†, S* 
LM area4, cm2 82.24 84.11 81.21 84.11 80.37 80.43 80.11 1.464 L* 
12th rib fat, cm. 1.09 0.94 0.84 0.91 0.94 0.91 0.86 0.064 C* 
KPH, %4 2.52 2.26 2.32 2.57 2.78 2.61 2.47 0.141 S* 
Yield grade 3.33 2.97 2.99 3.00 3.23 3.15 3.01 0.116 C*, BI† 
Marbling score4 418.8 422.9 414.3 415.4 418.7 401.0 414.0 13.88 NS 
Choice or greater, % 56.25 56.25 62.50 52.08 59.38 47.92 66.67 - NS 
Select or less, % 43.75 43.75 37.50 47.92 40.62 52.08 33.33 - NS 
Abscessed livers5, % 3.13 9.38 3.13 0.00 6.25 0.00 9.38 - NS 
 
1Control = standard steam-flaked corn-based diet;  CDG-15 and CDG-30 = steam-flaked corn-based diet with either 15 or 
30%, respectively (DM basis), wet corn distillers grains plus solubles;  SDG-15 and SDG-30 = steam-flaked corn-based diet 
with either 15 or 30%, respectively (DM basis), wet sorghum distillers grains plus solubles;  BDG-15 and BDG-30 = steam-
flaked corn-based diet with either 15 or 30%, respectively (DM basis), of a 50:50 (DM basis) blend of wet corn and sorghum 
distillers grains plus solubles. 
 
2Pooled standard error of treatment means, n = 8 pens/treatment. 
 
3Orthogonal contrasts:  C = control vs. the average of all other diets;  S = the average of the CDG-15 and CDG-30 diets vs. 
the average of the SDG-15, SDG-30, BDG-15, and BDG-30 diets;  B = the average of the 2 SDG diets vs. the average of the 
2 BDG diets;  L = the average of diets with CDG-15, SDG-15, and BDG-15 diets vs. the average of the CDG-30, SDG-30, and 
BDG-30 diets;  SI = the interaction of contrast S with contrast L;  and BI = the interaction of contrast B with contrast L.  * = P ≤ 
0.05;  † = 0.05< P ≤ 0.10;  NS = P >0.10. 
 
4LM = longissimus muscle;  KPH = kidney, pelvic, and heart fat;  Marbling score:  300 = Slight0;  400 = Small0;  500 = Modest0. 
 
5Sum of A-, A, and A+ liver abscess scores. 
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Table 4.5.  Composition and analyzed nutrient content (DM basis) of the substrates used for the in vitro incubations in Exp. 2 
 
 Treatment1 
   
Item Control CDG-15 CDG-30 SDG-15 SDG-30 
 
Ingredient 
 Steam-flaked corn 88.16 77.87 69.43 77.63 68.98 
 Wet corn DG2 - 15.00 30.00 - - 
 Wet sorghum DG2 - - - 15.00 30.00 
 Cottonseed meal 8.00 5.00 - 5.00 - 
 Urea 0.89 0.66 0.57 0.62 0.50 
 Corn oil 2.95 1.47 - 1.75 0.52 
  
Analyzed composition3  
 DM, % 93.32 90.69 93.12 91.43 92.44 
 CP, % 12.10 13.88 15.50 15.12 17.30 
 ADF, % 4.76 5.48 7.67 7.50 9.56 
 EE, % 4.62 6.35 6.50 6.36 6.23 
 Ca, % 0.03 0.02 0.01 0.03 0.03 
 P, % 0.29 0.35 0.43 0.36 0.38 
 K, %,  0.41 0.43 0.48 0.44 0.47 
 S, % 0.13 0.19 0.29 0.22 0.31 
 
1Control = standard steam-flaked corn-based substrate;  CDG-15 and CDG-30 = steam-flaked 
corn-based substrate with either 15 or 30%, respectively (DM basis), wet corn distillers grains plus 
solubles;  SDG-15 and SDG-30 = steam-flaked corn-based substrate with either 15 or 30%, 
respectively (DM basis), wet sorghum distillers grains plus solubles. 
 
2The average DM of wet corn (Quality Distillers Grains, Hereford, TX) and sorghum (Abengoa 
Bioenergy, Portales, NM and Levelland/Hockley County Ethanol, LLC, Levelland, TX) distillers 
grain plus solubles during the experiment was 31.18 and 28.68%, respectively (standard deviation 
= 1.49 and 0.98%, respectively). 
 
3Analyzed by SDK Laboratories, Hutchison, KS.
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Table 4.6.  Effects of wet distillers grain type and level on in vitro fermentation parameters in Exp. 2 
 
 Treatment1 
   
Item Control CDG-15 CDG-30 SDG-15 SDG-30 SE2 Contrasts3 
 
H2S, µmoles/g         
of fermentable DM 3.54 5.09 7.57 5.68 7.36 0.39 C*, L* 
 
IVDMD, % 70.34 67.35 64.59 64.31 62.93 3.30 C*, S*, L* 
 
Gas production, mL/g         
of fermentable DM 314.2 325.6 328.8 337.8 331.0 3.3 C*, S† 
          
Gas production kinetics4        
          
 k, min-1 0.0111 0.0104 0.0098 0.0094 0.0092 0.0006 C*, S* 
         
 lag, min 50.84 45.47 49.64 28.09 61.20 10.47 NS 
         
 M, mL 178.4 175.2 170.9 165.6 160.6 8.0 NS 
         
 AUC, mL × min 141,795 137,248 130,093 127,768 120,023 4,952 C*, S*, L* 
 
1Control = standard steam-flaked corn-based substrate;  CDG-15 and CDG-30 = steam-flaked corn-based substrate with 
either 15 or 30%, respectively (DM basis), wet corn distillers grains plus solubles;  SDG-15 and SDG-30 = steam-flaked corn-
based substrate with either 15 or 30%, respectively (DM basis), wet sorghum distillers grains plus solubles. 
 
2Pooled standard error of main-effect means, n = 3 reps/treatment (except for H2S and gas production, where n =2 
reps/treatment). 
 
3Orthogonal contrasts:  C = control vs. the average of all other diets;  S = the average of the CDG-15 and CDG-30 diets vs. 
the average of the SDG-15, and SDG-30 diets;  L = the average of diets with CDG-15, and SDG-15, vs. the average of the 
CDG-30, and SDG-30 diets;  SI = the interaction of contrast S with contrast L.  * = P ≤ 0.05;  † = 0.05< P ≤ 0.10;  NS = P 
>0.10. 
 
4Parameters estimated by fitting to a Gompertz function, where k = rate of gas production, lag = duration of the lag phase, and 
M = maximum gas  
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production.  AUC = area under the curve. 
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APPENDIX 
 
 

Hydrogen Sulfide Measurement Protocol 
 
1- Weigh approximately 0.7 g of feed sample and add to each 125-mL serum 
bottle. 
 
2- Add 40 mL of the McDougall’s solution.  Add 10 mL of ruminal fluid that has 
been strained through cheesecloth. 
 
3- Purge with CO2 and seal the vial with butyl-rubber stopper by crimp sealing. 
 
4- Incubate at 39oC for 24h. 
 
5- Add 5 mL of alkaline water (pH = 8) in a 15-mL vacutainer tube. Alkaline water 
is prepared by taking distilled water and adding 0.1 N NaOH to the desired pH. 
 
6- Extract 5 mL of gas from the headspace of the fermentation bottle with a 5-mL 
syringe-needle coupled to a 3-way valve. 
 
7- Slowly bubble the gas into the water in the vacutainer. 
 
8- Add 0.5 mL of DPD reagent followed by 0.5 mL of ferric chloride reagent, mix, 
and allow the mixture to react for 30 min at 25oC. 
 
9- Read in a spectrophotometer at 665 nm. 
 
 
Reagents:  
 
1) Ferric chloride solution: 
 
Dissolve 2.7 g of ferric chloride (FeCl3•6H20) in 50 mL of concentrated HCl and 
dilute to 100 mL with water. 
 
2) DPD: 
 
N, N-dimethyl-p-phenylenediamine dihydrochloride (Sigma Product No. D4139;  
Sigma Chemical, St. Louis, MO) sulfate, purified: 
 
Dissolve 0.11 g of N, N-dimethyl-p-phenylenediamine dihydrochloride in 100 mL 
of 2:1 H2SO4 in a brown bottle.  Make a fresh solution every 2 wk. 
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Sulfuric Acid 2:1: 
 
Place 1 volume of distilled water in an Erlenmeyer flask and add, in small 

portions and with cooling, 2 volumes of H2SO4.  Store in a tightly 
stoppered bottle to prevent absorption of moisture and change of 
concentration (for 100 mL, use 80 mL of H2SO4 and 40 mL of water). 

 
Calibration Solutions:  
 

1. Prepare 0.5 mL of RAD 171 (Radiello methylene blue calibration 
standard for hydrogen sulfide [Supelco Product No RAD171;  Supelco, 
Bellefonte, PA]) in 24.5 mL water. 

 
2. This is has a concentration of 1.1 45 μg/mL of S2-. 

 
3. Add 3.75 mL of the solution from Step 1 to 1.25 mL of water.  This 
solution has a concentration of (3.75 mL x 1.145μg/ml/5mL = 0.85875 
μg/mL) 0.85875 μg/mL of S2-. 

 
4. Add 2.5 mL of the solution from Step 1 to 2.5 mL of water.  This solution 
has a concentration of (2.5 mL x .145μg/mL/5mL = 0.5725 μg/mL) 0.5725 
μg/mL of S2-. 

 
5. Add 1.25 mL of the solution from Step 1 to 3.75 mL of water.  This 
solution has a concentration of (1.25 mL x 1.145μg/mL/5mL = 0.28625 
μg/mL) 0.28625 μg/mL of S2-. 

 
6. Prepare the blank solution adding 5 mL of alkaline water, 0.5 mL of 
DPD, and 0.5 mL of ferric chloride reagents. 

 
To make the standard curve, divide these known S2- concentrations by 0.9409 
(H2S has 94.09% S) to obtain the standards in H2S concentration. 
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