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ABSTRACT 

 
Two experiments were conducted to study the effects of corn processing 

method and inclusion of sorghum wet distillers grains plus solubles (SWDGS) 

in beef cattle finishing diets.  In Experiment 1, 160 crossbred steers (BW = 

397.6 kg) were used to evaluate the effects of corn processing method on 

performance and carcass characteristics in the following diets :  (1) a dry-

rolled corn (DRC)-based diet with no inclusion of SWDGS (DRC-0);  (2) a 

DRC-based diet with inclusion of 15% (DM basis) SWDGS (DRC-15);  (3) a 

steam-flaked corn (SFC)-based diet with 0% SWDGS (SFC-0);  and (4) a 

SFC-based diet with 15% SWDGS (SFC-15).  No interactions (P ≥ 0.20) were 

noted for performance and carcass characteristics, except for marbling score 

and % of carcasses grading USDA Choice or greater.  Results showed lower 

(P < 0.01) G:F with DRC- than for SFC-based diets.  Steers fed SFC-based 

diets had greater fat thickness at the 12th rib (P = 0.03), greater yield grade (P 

= 0.02), and a smaller LM area (P = 0.08) than steers fed the DRC-based 

diets.  Inclusion of 15% SWDGS resulted in lower G:F (P < 0.01) than for diets 

without SWDGS.  In addition, steers fed SWDGS had lower HCW (P = 0.01) 

and dressing percent (P = 0.03) than those fed no SWDGS.  In Experiment 2, 

feed samples from Experiment 1 were used to evaluate rate of in vitro gas 

production, in vitro dry matter disappearance (IVDMD), and hydrogen sulfide 

(H2S) concentrations in gas using different types of in vitro fermentation 

systems.  No significant interactions were noted for IVDMD, H2S production, 
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and for mathematically fitted gas production parameters, except for the 

predicted maximum value of gas production.  The SFC-based diets had 

greater IVDMD (P = 0.01), area under the gas production curve (P < 0.02), 

and rate (k) of gas production (P < 0.02) than DRC-based diets.  Inclusion of 

15% SWDGS in the substrates decreased IVDMD (P < 0.01), AUC (P = 0.03), 

and k value (P = 0.04) vs. 0% SWDGS.  No differences in H2S production (P = 

0.15) or lag time (P = 0.51) were found at 15% SWDGS.  Results of both 

experiments suggest that the response to 15% (DM basis) SWDGS in finishing 

diets was not affected by corn processing method.  The inclusion of 15% 

SWDGS decreased G:F and fermentation measurements to approximately the 

same extent as replacing all the SFC in the diet with DRC. 
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CHAPTER I 

INTRODUCTION 

In 2006, U.S. ethanol production from grains was nearly 18.9 billion liters 

(Dinneen, 2007).  As utilization of grains to produce ethanol continues to grow, 

there is more interest in feeding distillers grains (DG), the coproduct of this 

industry, to livestock.  Production of DG in 2006 was approximately 10 million 

metric tons, and for the year 2010, predictions are for production of around 16 

million metric tons (Weiss et al., 2007).  Nearly one-third of the cattle finished 

in feedlots fed in the U.S. are in the Panhandle area of Texas.  Typical 

finishing diets used in feedlots of this area are based on steam-flaked corn 

(TCFA, 2008), but increasing supplies of DG are expected to be available in 

this region in the coming years.  Concern about the relationship between grain 

processing method and inclusion of DG in the diets has grown because of 

recent results showing a significant interaction between these 2 factors 

(Corrigan et al., 2007;  May et al., 2007).  Another subject of concern with 

feeding DG is the sulfur (S) content of this coproduct (Pritchard, 2007).  Diets 

containing high levels of S have been related to health problems and 

decreased performance in cattle (Gould, 1998;  Loneragan et al., 1998).  The 

objectives of the research reported in this thesis were to study the potential for 

an interaction between grain processing method and inclusion of sorghum-

based DG in finishing diets and to develop a method to measure hydrogen 

sulfide (H2S) production on in vitro incubations. 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Ethanol Production 

According to the president of the Renewable Fuels Association (Dinneen, 

2007), U.S. ethanol production was nearly 18.9 billion liters in 2006.  Ethanol 

production from grains such as corn or sorghum can be done by 2 different 

processes:  dry and wet milling (ACE, 2007).  The wet milling process was 

more commonly used in the earlier ethanol plants, but most modern plants use 

the dry milling process.  Basic steps of this method are: 

Cleaning:  On arrival at the plant, the grains are cleaned to remove foreign 

material. 

Hammer milling:  Grain is ground into small particles to facilitate the 

subsequent fermentation. 

Liquefaction:  water is added and temperature and pH are set to 

approximately 90o C and 5 to 6, respectively.  α-Amylase enzyme is added in 

this step to hydrolyze the α-1-4 bonds to convert the starch into dextrin (Davis, 

2001).  The pH is closely regulated to inhibit lactic acid-producing bacteria and 

to obtain an effective fermentation in the following step (Mathewson, 1980). 

Saccharification:  The enzyme glucoamylase is added to hydrolyze α-1-6 

bonds and thereby obtain simple sugars (dextrose) from dextrin. 
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Fermentation:  Once starch is hydrolyzed to simple sugars, the mash 

obtained is fermented by addition of a yeast culture (usually Saccharomyces 

cerevisiae).  The products of the fermentation are ethanol, CO2, and DG 

(Davis, 2001). 

Distillation:  Ethanol produced from the fermentation of sugars is distilled, 

and the leftover of the grain (fat, protein, minerals, and fiber) plus the added 

compounds, such as yeast cells, enzymes (proteins) and water, referred to as 

whole stillage, are centrifuged. 

Centrifugation:  This step separates the water and water soluble 

compounds from the solid particles.  The liquid phase is called thin stillage, 

and can be condensed into condensed distillers solubles (Akayezu et al., 

1998).  The solid phase is the coproduct known as wet DG (WDG). 

Drying:  The solid phase can be dried to obtain dried DG (DDG).  

Typically, solubles are added back to the DDG or WDG to produce the 

commercial products known as DDG plus solubles (DDGS) and WDG plus 

solubles (WDGS), respectively (Tjardes and Wright, 2002;  Weiss et al., 2007).  

The amount of solubles added to the DG varies from plant to plant, but general 

estimations are that approximately 35% (DM basis) of the WDGS are solubles 

(Erickson et al., 2005). 
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Distillers Grains:  Nutrient Variability 

To produce ethanol, starch is almost entirely removed from the grain.  

Consequently, DG have approximately a three-fold greater concentration of all 

nutrients except carbohydrates than the original grain.  The variability present 

in the grain also is increased in the coproduct (Guiroy et al., 2007).  In 

addition, water, acids, enzymes, and yeast cells are added during the 

production process.  Hence, the nutritional composition of DG is highly 

variable (Weiss et al., 2007). 

Compared with cracked corn, DGS has significantly greater nutrient 

variability.  This fact results in the utilization of distillers coproducts being risky 

when formulation of diets is based on the use of tabular rather than chemically 

analyzed nutrient values (Holt and Pritchard, 2004).  Guiroy et al. (2007) 

analyzed several corn WDGS and DDGS samples and compared the nutrient 

content and variability with corn grain.  Their results showed that both wet and 

dry DG were more variable than the original grain source, and that most of the 

variability in the DG was a result of variation in dry matter (DM) and fat 

content.  They also reported that WDGS were more variable than DDGS. 

Distillers solubles have a high fat content, and when they are added back 

into the DG to form DGS, the fat content of the coproduct increases from 

around 7% ether extract (EE;  DM basis) to approximately, 13% EE (DM basis;  

Corrigan et al., 2008a).  To study the sources of variation in DDGS, Belyea et 

al. (2004) did an experiment where they sampled corn grain and DDGS for 5 
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consecutive years.  Samples were collected from the same ethanol plant.  

Ground corn and DDGS were taken from the production stream so that there 

was a greater chance that the DDGS samples derived from the same batch of 

corn previously sampled.  Their results showed no correlation between the 

composition of corn and DDGS, suggesting that variation in DDGS does not 

depend on composition of corn.  Significant correlations were noted among 

most nutrients in DDGS, which represents the effect of starch disappearance 

in the DG and the consequent concentration of the remaining nutrients (Belyea 

et al., 2004). 

Al-Suwaiegh et al. (2002) analyzed corn and sorghum DG in their wet and 

dry forms.  Chemical composition did not differ to a great extent among these 

coproducts.  Average values were 30.9% for crude protein (CP), 26.9% for 

acid detergent fiber (ADF), and 43.0% for neutral detergent fiber (NDF) on a 

DM basis.  The DM content was 35.4 and 92.2% for wet and dry DG, 

respectively.  Corn DG had 29.7% of DM as CP (average between wet and dry 

corn DG), whereas CP content for sorghum DG was 32.1% of DM.  The EE 

content for corn DG was 14.3% of DM, whereas sorghum DG had a value of 

13.2% of the total DM.  The NDF content was similar for both coproducts (42.5 

and 43.6% of DM), but ADF values differed slightly between corn and sorghum 

DG at 25.4 and 28.5% of the DM, respectively.  Firkins et al. (1985) used 

coproducts derived from the wet and dry milling industries in a finishing trial.  
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Laboratory analyses indicated that the DM content of the WDG was, on 

average 38%, and the CP content was 28.8% of the DM. 

Variability in WDGS composition can occur among different ethanol plants 

and also within the same plant on different production days.  Buckner et al. 

(2008) sampled WDGS from 6 ethanol plants located in Nebraska for 5 

consecutive days during 4 sampling periods.  Laboratory analyses from the 

first 2 periods showed that the fat content within the same plant did not vary 

significantly.  Comparison among plants resulted in a fat content range of 10.7 

to 13.1% of DM, with an average value of 11.8%.  The greatest variability was 

observed for S content, which was high both within and among plants.  The 

reported range among ethanol plants was 0.65 to 0.90%, whereas within 

plants ranges were as high as 0.44 to 1.72% of DM.  Crude protein and P 

values were not as variable as fat and S (Buckner et al., 2008). 

Because fat was highly correlated (r = 0.71) to P content (Buckner et al., 

2008), and because these 2 nutrients are mostly present in the distillers 

solubles, it has been proposed that differences in addition of solubles could be 

the main reason for the high variability in fat content.  Interestingly, a low 

correlation (r = 0.17) between fat and S content was found in the same 

experiment.  Hence, the authors discarded the theory that differences in 

addition of solubles are responsible for variability, and suggested that 

variability was mainly caused factors other than the solubles concentration in 

the WDGS tested in their experiment (Buckner et al., 2008). 
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Distillers Grains:  Protein Quality 

According to Akayezu et al. (1998), composition of distillers coproducts 

depends on which grain is used, drying method, proportion of solubles added, 

and fractionation of particles resulting from differences in size during the 

process.  These authors summarized previous studies, such as the Rasco et 

al. (1989;  as cited by Akayezu et al., 1998) study, who found that drying 

method is the most important factor determining DG quality, affecting mainly 

the protein and NDF content of DG.  When WDG are dried, the high 

temperatures can damage the protein and increase the undegraded intake 

protein (UIP) present in the coproduct (Akayezu et al., 1998). 

In a finishing trial, Firkins et al (1985) replaced part of the corn silage and 

soybean meal (SBM) with wet or dry corn gluten feed and WDG.  The 2 

treatments that contained gluten feed included it as 34.9% of the DM, whereas 

the WDG diet had 17.4% of the DM as WDG.  Coproduct amounts were 

included in different proportions, and the diets were balanced to have 11.5% 

of DM as CP.  Steers that consumed the dietary treatments containing WDG 

were the most efficient in this experiment.  The authors noted that this 

difference could have been a result of a higher content of UIP in the WDG 

compared with the other diets. 

Ham et al. (1994) conducted a growing and a finishing experiment to 

evaluate the energy and protein value of distillers coproducts and also to 
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assess the protein damage caused by high temperatures during processing.  

In the growing trial, 60 British crossbred calves with an initial body weight 

(BW) of 204 kg were used.  Treatments consisted of a control diet, a diet in 

which ground corn was replaced by a mixture of 62.5% WDG and 37.5% thin 

stillage (referred to as wet distillers byproduct, WDB), and 3 diets with DDG 

replacing corn that were considered to have a low, medium, or high acid 

detergent insoluble nitrogen (ADIN) concentration.  The control diet consisted 

in 32% sorghum silage, 50% ground corncobs, 14% ground corn, 2% urea, 

and a dry supplement.  The comparison of urea as a protein source vs. 

distillers coproducts indicated that calves supplemented with urea gained less 

than those fed the coproducts.  Differences resulting from ADIN concentration 

in the diets, however, were not significant.  Consequently, the authors 

concluded that ADIN concentration was not a good predictor of the protein 

value of distillers coproducts (Ham et al., 1994).  Moreover, according to 

Akayezu et al. (1998), ADIN is not as well related to indigestible N in 

concentrate feeds as it is with forages. 

Vasconcelos et al. (2007) hypothesized that addition of degraded intake 

protein (DIP) would have positive effects on diets containing WDGS.  They 

used 200 steers that were fed either a control diet with no sorghum WDGS 

(SWDGS) added, or 3 diets containing 10% (DM basis) SWDGS that differed 

in the DIP added.  Addition of DIP in these 3 diets restored 0, 50, or 100% of 

the difference in DIP between the control diet and the 10% SWDGS with no 



Texas Tech University, José Leibovich, May 2008 
 

 9 

urea added.  The ADG (P = 0.04), final BW (P = 0.03), and G:F (P = 0.07) 

were less for steers fed diets with 10% SWDGS diets than for those fed the 

control diet.  A linear decrease in DM intake (DMI) was observed as urea 

increased in the diets.  The authors mentioned that this decrease in DMI as 

DIP was restored was not in accordance with the theory of Russell et al. 

(1992, cited by Vasconcelos et al., 2007), which suggests that as starch 

availability increases, as occurs in steam-flaked corn (SFC)-based diets, DIP 

requirements also increase.  Steers fed the control diet had greater hot 

carcass weight (HCW), fat thickness at the 12th rib, and yield grade than the 

average of the 3 treatments containing 10% SWDGS. 

 

Distillers Grains:  Dietary Inclusion 

Many experiments have been conducted to determine the optimal 

inclusion level of distillers coproducts in livestock diets.  Finishing trials have 

used levels varying from approximately 10 to 50% of the dietary DM. 

In the Vasconcelos et al. (2007) study described above, a second 

experiment was conducted in which 200 steers were used to evaluate the 

effect of increasing levels of SWDGS in high-concentrate diets.  Five dietary 

treatments (DM basis) were tested in this experiment, including:  (1) a control 

diet (SFC-based) with no DG added (0%);  (2) a diet containing 5% of SWDGS 

(S5%);  (3) a diet with addition of 10% SWDGS (S10%);  (4) a diet with 15% 

SWDGS (S15%);  and (5) one with 10% of corn WDGS (CWDGS;  C10%).  
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Orthogonal contrasts were used to test the linear and quadratic effects of 

increasing levels of SWDGS and also to compare the S10% treatment against 

the C10% treatment.  Results showed that final carcass-adjusted BW 

(adjusted to a constant dressing percent) and ADG decreased linearly as 

SWDGS concentration increased from 0 to 15% in the diets.  During the first 3 

periods of the experiment (d 0 to 28, d 0 to 56, and d 0 to 84), addition of 

SWDGS had a negative linear effect on DMI, but when the overall period data 

(d 0 to 133) were analyzed, DMI did not show a linear change.  As a 

consequence, for the overall period, G:F decreased linearly as the 

concentration of SWDGS increased.  Contrasts for S10% vs. C10% showed 

that DMI had a tendency (P = 0.10) to be greater for SWDGS, but no 

differences in ADG and G:F were noted between the 2 sources of WDG.  

Differences in carcass characteristics were significant for HCW, longissimus 

muscle (LM) area, and yield grade.  The HCW and LM area showed a linear 

decrease with increasing levels of SWDGS, whereas yield grade increased in 

a linear manner.  The authors suggested that the greater yield grade noted 

with addition of SWDGS might have resulted from the lower ADG and greater 

overall carcass fatness compared with cattle fed the control diet.  Comparison 

of 10%S and 10%C treatments resulted in few differences in carcass 

characteristics.  Steers fed the 10%S diet had 1.28 cm of fat thickness, 

whereas those in the 10%C treatment measured 1.07 cm (P = 0.02).  Yield 

grade also was greater for 10%S than for 10%C diets (P = 0.02). 
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Al-Suwaiegh et al. (2002) designed a finishing trial to compare WDG from 

sorghum and corn.  The experiment was conducted with 60 Red Angus 

yearling steers that weighed an average of 360 kg at the beginning of the 

study.  A completely randomized design with steer as the experimental unit 

was used, and the dietary treatments consisted of a control diet based on dry-

rolled corn (DRC), a diet with 30% (DM basis) SWDG replacing the same 

proportion of DRC, and a diet with 30% CWDG replacing DRC.  The authors 

did not mention whether the WDG included solubles.  Dietary treatments were 

formulated to have a minimum CP content of 13%.  The CP levels in the diets 

were 13% for the control vs. 16.1 and 17.2%, for the corn and sorghum WDG 

treatments, respectively.  The EE concentrations in the diets were 5.8%, 8.2%, 

and 7.9% (DM basis) for control, CWDG, and SWDG, respectively.  The 

feeding period was 127 d.  Orthogonal contrasts were used to compare the 

control diet with the average of both WDG treatments and to compare the 2 

sources of WDG.  Steers fed no DG had lower final BW (adjusted using the 

HCW divided by a dressing percent value of 63) than those fed diets with 30% 

of the DRC replaced by WDG (P = 0.03).  The DMI did not differ among 

treatments, but ADG was greater by steers fed WDG (P < 0.01);  hence, gain 

efficiency (G:F) was greater for WDG treatments.  The comparison of corn and 

sorghum WDG resulted in no differences in performance traits except for DMI 

(P = 0.02).  Steers fed SWDG consumed an average of 11.1 kg of DM/d, 

whereas those fed CWDG consumed 10.4 kg of DM daily.  Among the carcass 
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characteristics, differences between the control and WDG treatments were 

significant for HCW (P = 0.03) and fat thickness (P < 0.01);  both traits were 

less for steers fed the control diet.  Characteristics of carcass did not differ 

between the SWDG and CWDG diets.  Only a tendency (P < 0.10) was 

detected for cattle to have greater fat thickness at the 12th rib when fed 

SWDG vs. CWDG (Al-Suwaiegh et al., 2002).  Lodge et al. (1997a) reported 

that when 40% of the dietary DM in a control diet based on DRC was replaced 

with either SWDG, SWDGS, or sorghum DDGS, the only treatment that 

resulted in lower G:F was the sorghum DDGS. 

Firkins et al. (1985) conducted a finishing trial using 132 steers that initially 

weighed 310 kg.  The objective was to test the dietary inclusion of 0, 25, or 

50% of the DM as WDG in a high-moisture corn-based (HMC) diet.  

Replacement of HMC and soybean meal (SBM) with WDG did not affect final 

BW and DMI;  however, ADG increased linearly as WDG inclusion increased 

(P < 0.08).  Consequently, as more WDG was included in the diets, gain 

efficiency (expressed as feed:gain ratio) was improved (P < 0.07) in this trial. 

In a finishing trial performed by Ham et al. (1994), 160 yearling steers 

(average BW = 392 kg) were used to evaluate treatments that consisted of a 

control diet based on DRC, a diet in which 40% of the DRC was replaced by 

WDB, and 3 diets where 40% of the DRC was replaced with DDGS containing 

low, medium, or high ADIN.  A completely randomized block design was used, 

with initial BW as the blocking factor.  Pen (8 steers/pen) was the experimental 
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unit, and 4 pens were assigned to each of the 5 dietary treatments.  Cattle fed 

the control diet gained less than those fed the WDB and DDGS diets (P < 

0.05).  The ADG by control cattle was 1.46 kg, whereas cattle fed WDB and 

DDGS gained 1.69 and 1.68 kg/d, respectively.  The DMI was greater by 

steers on the DDGS treatments than by those fed the control (P < 0.10) and 

WDB (P < 0.05) diets.  Gain efficiency was less for steers fed the control diet 

than for those fed WDB and DDGS (P < 0.05).  Moreover, cattle on the WDB 

treatment had greater efficiency than those on the average of DDGS 

treatments (P < 0.05).  No significant effects of level of ADIN on performance 

data were found among the DDGS treatments.  Carcass characteristics did not 

differ among treatments. 

When WDB replaced part or all of the protein and part of the DRC in 

finishing diets, Larson et al. (1993) reported a linear decrease in DMI (P < 

0.01) and no effect on ADG as WDB concentration in the diets increased.  

Dietary inclusion of WDB was 0, 5.2, 12.6, and 40% of the total DM in diets 

based on DRC.  Efficiency of gain increased linearly (P < 0.01) as more WDB 

was fed in this trial, and carcass characteristics were not affected by 

treatment. 

Lodge et al. (1997b) designed a novel experiment where they composed a 

feed using wet corn gluten feed, protein concentrates, and fat to obtain a 

composite feed similar in nutritional value to distillers grains.  In a lamb 

finishing trial, treatments were a control DRC-based diet, and 3 other diets in 
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which 40% of the DRC was replaced by DDGS, wet corn gluten feed (WCGF), 

and the composite (COMP).  Nutrient composition of DDGS and COMP diets 

were similar.  The CP contents were 12.5, 17.3, 13.0, and 18.7% for control, 

DDGS, WCGF, and COMP diets, respectively.  Concentration of fat also 

differed among treatments, with the control diet at 3.7%, DDGS at 6.2%, 

WCGF at 3.1%, and COMP at 6.2% of the DM as lipid.  The NDF 

concentration was less for the control diet (11.7%) than for the other 

treatments (26.0% for DDGS and COMP and 26.4% for WCGF).  No 

differences in DMI were noted among treatments.  The ADG by lambs fed 

WCGF was less than for the other treatments (P < 0.10).  Therefore, lambs 

fed WCGF were the least efficient (P < 0.10), and ADG by lambs fed the 

control diet did not differ from those fed the DDGS or COMP treatments. 

Using a similar approach as in the lamb trial, Lodge et al. (1997b) fed 60 

yearling steers with an average initial BW of 272 kg.  Steers were blocked on 

the basis of previous BW gain.  Treatments included a control diet (DRC), 

WCGF (40% of dietary DM), COMP2 (included at 40% of dietary DM, 

prepared with 65.7% WCGF, 26.7% CGM, and 8% tallow), -FAT (included at 

40% of dietary DM, and prepared as the COMP2 but without tallow), and –

CGM (also included at 40% of the total DM, and prepared as the COMP2, 

except for CGM).  Steers fed COMP2 and –FAT diets had lower DMI (P < 

0.10) than those fed the other diets.  The ADG did not differ among 

treatments, but G:F was greatest for steers fed COMP2.  Steers fed the latter 
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treatment were10% more efficient than those fed WCGF and DRC (P < 0.10).  

Interestingly, no differences in G:F were noted for steers fed –FAT or –CGM 

compared with COMP2, despite the differences in nutrient composition among 

these diets. 

Huls et al. (2008) used modified DGS (MDGS), which were included at 0 

(control), 10, 20, 30, 40, or 50% of the dietary DM in diets of feedlot steers.  

The MDGS are intermediate between wet and dry DG, with a DM content of 

42 to 48%.  Efficiency of steers responded in a positive linear manner to 

increasing MDGS concentration.  The ADG responded quadratically (P < 

0.01), however, peaking at 20% MDGS, and a similar quadratic response was 

observed for HCW. 

The greater efficiency of gain noted with the inclusion of distillers 

coproducts in most of the experiments reviewed herein could be the result of 

several factors.  Most authors agree that one important factor is the lower 

probability of producing ruminal subacute acidosis in diets in which corn is 

replaced to some extent with DG (Ham et al., 1994;  Akayezu et al., 1998;  

Larson et al., 1993).  Greater NEg concentrations of diets containing DG also 

could be explained by greater fat concentrations in these feeds, which might 

help to improve cattle performance.  These 2 characteristics are direct 

consequences of the utilization of the starch present in the grain by the yeast 

that produce ethanol and the consequent concentration of the remaining 

nutrients (e.g. lipids;  Belyea et al., 2004;  Larson et al., 1993).  Nonetheless, 
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Corrigan et al. (2008b) reported that animals fed a diet with 40% WDGS 

tended to have lower average ruminal pH (P < 0.12) and lower pH nadir (P = 

0.07).  In addition, pH remained below 5.3 for a longer time in steers fed 40% 

WDGS (P < 0.06) than in those fed a diet with no WDGS added.  On the other 

hand, pH change and variance over the 5-d sampling period was greater for 

steers fed diets with no WDGS (P = 0.08 and 0.09 respectively) (Corrigan et 

al., 2008b). 

Inclusion of WDGS (the authors did not specify whether they used corn or 

sorghum WDGS) was reported to decrease DM (P = 0.08) and organic matter 

(OM;  P = 0.05) digestibility (Corrigan et al., 2008b);  however, DMI and OM 

intake increased in diets containing WDGS.  Conversely, NDF intake also 

increased when WDGS was fed, but its digestibility was not affected by WDGS 

inclusion. 

 

Energy Value of Diets Containing Distillers Coproducts 

Most experiments described in previous sections reported the energy values 

of the respective diets calculated using the performance data.  Ham et al. 

(1994) calculated that the control diet had a NEg concentration of 1.24 

Mcal/kg, a value that was significantly different from that of the WDB diet, 

which had a NEg value of 1.45 Mcal/kg (P < 0.05), and also different from the 

DDGS diet, which was 1.35 Mcal/kg (P < 0.05).  In addition, the difference in 

calculated NEg content between WDB and DDGS also differed (P < 0.10).  
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The NEg values for WDB and DDGS in this trial were 39 and 21% greater, 

respectively, than values for the DRC diet. 

Energy values reported by Lodge et al. (1997b) were 101, 120, 116, and 

110% relative to the NEg value of corn, for the WCGF, COMP2, -FAT, and –

CGM described previously.  Although data for the trial were collected from 

individual animals, the NEg values were calculated based on treatment 

averages to avoid the overestimation because of high variability among 

individual steers. 

Dietary NEg values for treatments used in the trial performed by Lodge et 

al. (1997a) were 1.29, 1.29, 1.32, and 1.20 Mcal/kg for DRC, SWDG, SWDGS, 

and SDDGS treatments, respectively.  The only statistically significant 

difference was noted for the SDDGS diet vs. the other diets.  Dietary NEg 

values for the Larson et al. (1993) finishing trial were 1.21, 1.28, 1.34, and 

1.48 Mcal/kg for control, 5.2, 12.6, and 40% WDB treatments. 

Using the performance data, Al-Suwaiegh et al (2002), calculated the 

energy value of corn and sorghum WDG.  The NEg values were 2.00 and 1.87 

Mcal/kg for CWDG and SWDG, respectively.  These values were 33.3 and 

24.7% greater than the NEg value of DRC.  The NEg value of the diets 

containing corn and sorghum WDG was, on average, 10.2% greater than that 

of the control diet. The fat content in WDG accounted for 42% of the 

improvement in the dietary energy value as DRC was replaced with WDG.  

Guiroy et al (2007), using an analytical approach, showed that DDGS have 
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108.4% of the cracked corn NEg value and WDGS have 110% of the NEg of 

cracked corn. 

 

Corn Processing 

Starch present in corn is not as readily available as in other cereals, such 

as wheat or barley, because of the protein matrix that covers the starch 

granules and limits exposure to microorganisms (Theurer, 1986;  Owens et al., 

1998). Starch granules in corn are very compact, which is a contributing factor 

that can limit starch digestibility (Zinn et al., 2002).  Grains are usually 

processed to increase utilization of starch (Owens et al., 1997).  Most 

processing methods alter the grain particle size, and changes in particle size, 

as occurs when corn is dry rolled, have positive effects on starch digestibility.  

Conversely, when corn is steam flaked, the change in particle size has a 

lesser effect on starch availability (Galyean et al., 1981).  The increased 

ruminal starch availability that occurs with steam flaking results from 

gelatinization that occurs as a consequence of temperature and application of 

shear force when the grain is steam-flaked (Zinn et al., 2002). 

Improved starch availability is not the only reason for the greater energy 

values for steam flaked corn.  According to Zinn et al. (2002), the digestibility 

of protein and other nutrients can also increase as a result of this processing 

method.  These authors reported an increase of 10% in digestibility of non-

starch OM with steam flaking.  Diets based on SFC improved feed efficiency 
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and dietary NEm and NEg values 14, 13, and 15% respectively, compared 

with a DRC-based diet. (Barajas and Zinn, 1998). 

 

Grain Processing and Distillers Grains Interaction 

Associative effects between grain processing method and inclusion of 

distillers coproducts have been reported.  May et al. (2007) performed an 

experiment using 624 yearling steers to study the effects of SWDGS inclusion 

in diets based on DRC or SFC.  The 8 treatments consisted of inclusion of 0, 

10, 20, or 30% SWDGS (DM basis) in either DRC- or SFC-based diets.  

Results showed that steers fed DRC-based diets responded positively 

(significant linear and quadratic responses for DMI) to addition of SWDGS, 

whereas those steers fed SFC-based diets had negative effects on DMI of 

including SWDGS in the diet. 

Corrigan et al. (2007) found a significant interaction between grain 

processing method and addition of distillers grains to the diet on finishing 

performance by cattle.  Their treatments consisted of DRC-, HMC-, or SFC-

based diets, with inclusion (DM basis) of 0, 15, 27.5, or 40% of WDGS.  Final 

BW showed a linear increase as more WDGS was present in DRC-based 

diets;  however, a quadratic response was observed in SFC-based diets for 

final BW.  The ADG increased linearly in DRC diets, whereas diets containing 

the more processed grain responded quadratically to WDGS addition.  For 

both groups, the optimal inclusion level of WDGS was 15% of DM. 
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In a metabolism experiment, Corrigan et al. (2008b) found no interaction 

between corn processing method and WDGS inclusion on DMI and 

digestibility.  They tested 3 levels of processing, dry-rolled, steam-flaked, and 

high-moisture corn, and 2 levels of WDGS inclusion, either 0 or 40% of the 

total DM.  Diets containing WDGS replaced 35% of the corn (DRC, SFC, and 

HMC) and the total (5% of dietary DM) amount of molasses present in the 0% 

WDGS diets.  Starch digestibility was greater for SFC than for HMC and DRC.  

The inclusion of 40% WDGS did not have effects on starch intake or 

digestibility, reflecting that steers fed the 40% WDGS diets had greater DMI 

than steers fed the diets with no WDGS. 

 

Distillers Grains Sulfur Content 

According to the NRC Nutrient Requirements of Beef Cattle (NRC, 1996), 

S requirements for growing and finishing cattle are met when S is present at a 

concentration of 0.15% of the dietary DM.  The maximum tolerable 

concentration for this mineral is 0.40% (NRC, 1996).  Conversely, Zinn et al. 

(1997) reported that S concentrations over 0.20% resulted in lower feedlot 

performance by finishing heifers.  Furthermore, Kandylis (1984) pointed out 

that S concentrations above 0.30 or 0.40% in diets for ruminants can lead to 

death. 

Polioencephalomalacia (PEM), a disease that is often related to thiamine 

deficiency, has been observed in animals fed high-S diets (Pritchard, 2007).  



Texas Tech University, José Leibovich, May 2008 
 

 21 

The term PEM should be used to describe a brain lesion characterized by 

necrosis of the gray matter of the brain.  This lesion can have several possible 

etiologies (Gould, 1998), and PEM was experimentally induced by feeding 

diets with a high S concentration.  Despite the fact that these animals were 

sick, they did not show thiamine deficiencies during the illness.  High ruminal 

concentrations of hydrogen sulfide (H2S) were found in animals eating the 

PEM-inducing diets (Gould, 1998). 

Hydrogen sulfide is a flammable and colorless gas usually present in 

natural gas deposits, oil wells, and volcanic emissions, and it also is produced 

during the fermentation of OM containing S components (NRC, 1978).  Using 

rats, Zaho et al. (2001) showed that H2S can be produced in the body from 

cysteine.  The enzymes cystathione β-synthase and cystathione γ-lyase are 

responsible for this reaction.  The principal function of this gas in the organism 

is vasorelaxation, and this action is produced by the activation of ATP-

sensitive channels by the H2S. 

Hydrogen sulfide is normally produced in the rumen by sulfate-reducing 

bacteria as a consequence of protein metabolism.  When high concentrations 

of S or S-containing amino acids are metabolized, these microorganisms may 

adapt and produce high quantities of H2S that can lead to toxicity (Gould, 

1998).  A large portion of the eructated gas ends up in the lungs of ruminants 

(Dougherty and Cook, 1962).  If high concentrations of H2S are present in the 
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rumen gas cap, a major portion can enter to the circulation and thereby cause 

PEM (Gould, 1998). 

Loneragan et al. (1998) diagnosed PEM in a beef heifer and in a steer that 

showed neurological signs.  Blood concentrations of thiamine were within the 

normal range in 10 clinically normal steers from the same herd;  however, H2S 

concentration from the ruminal gas cap was found to be high in these steers.  

The next day, 2 of the 10 steers showed signs of PEM.  Ruminal pH can have 

effects on H2S concentration, with low pH increasing the reduction of S to form 

gaseous H2S (Gould, 1998). 

 

Conclusions from the Literature 

The feedlot industry is going through one of the most drastic changes in its 

history.  Inclusion of distillers coproducts in feedlot diets has become 

extremely important and perhaps inevitable.  Available data suggest that DG 

are a potentially valuable ingredient that can fit well in finishing diets;  

however, dietary inclusion levels, coproduct consistency, and interactions with 

other nutrients or feed ingredients are factors that are ill-defined or need to be 

described in greater detail. 

A more consistent coproduct is required by feedlots, but because the DG is 

not the principal product of ethanol plants, nutritionists and researchers in this 

area need to find tools to help producers to adapt rapidly and efficiently to 

changes in feeds composition and availability by offering management 
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practices and sound research to allow for coexistence with the ethanol 

industry instead of competition with it.  Future research should focus on finding 

equilibrium between inclusion of coproducts in feedlot diets and maintaining or 

even improving cattle efficiency and health. 
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CHAPTER III 

MATERIALS AND METHODS 

 

Finishing Trial – Experiment 1 

 

Cattle Processing 

On May 24, 2007, 348 steers (primarily British x Continental breeding) 

were gathered off wheat pasture near Friona, TX, loaded in the morning, and 

delivered to the Burnett Center, arriving at approximately 1100.  The average 

BW on arrival was 381.3 kg.  The cattle were housed 21 to 22 per Burnett 

Center soil-surfaced pen, with access to approximately 1.14 kg/steer (as-fed 

basis) of Sudangrass hay and 4.5 kg/steer (as-fed basis) of a 65% concentrate 

starter diet. 

The day after arrival, beginning at approximately 0800, all cattle were 

taken through the Burnett Center working facilities for initial processing, which 

included:  (1) placement in the ear of a uniquely numbered ear tag;  (2) 

recording of coat color;  (3) vaccination with Vista 3 SQ (Intervet, Millsboro, 

DE) and Vision 7 with SPUR, (Intervet);  and (4) treatment with Cydectin (Fort 

Dodge Animal Health, Overland Park, KS).  After processing, cattle were 

returned to soil-surfaced pens. 

On June 1, all cattle were weighed to obtain a BW for sorting purposes.  

After weighing, the cattle were returned to the same pens in which they had 
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been housed previously.  At that time, the diet was switched to a 75% 

concentrate, with the delivery decreased from 8.4 to 7.7 kg (as-fed basis) to 

maintain approximately equal intake of NEg at the diet transition. 

 

Treatment Assignment 

On June 4, the BW data were entered into an Excel spreadsheet 

(Microsoft Corp., Redmond, WA) and sorted by ascending BW.  Of the 348 

steers available for use in the study, 50 were eliminated because they had 

horns, bad temperament, and leg or hoof injuries.  Thereafter, the 7 steers of 

lightest BW and 3 steers of heaviest BW were eliminated, leaving 288 steers 

for use in this and an unrelated experiment.  The ear tag and corresponding 

BW data (measured on June 1) and coat color code for the 288 steers were 

then sorted in ascending order by BW.  Beginning with the first 2 steers of 

lightest BW, every pair of steers were assigned a randomly selected integer (1 

or 2).  This assignment split the 288 steers into 2 equal groups;  however, 

because 160 steers were needed for this experiment, and 128 steers were 

needed for the other experiment, an additional 2 steers were selected 

randomly from each group of 18 steers in the other group that were ranked in 

order by ascending BW.  These 16 steers were added to the group to be used 

in this experiment, yielding 160 steers for this experiment and 128 steers for 

the other project. 
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Within the 160 steers to be used in this experiment, 10 blocks were 

assigned to groups of 16 steers that were ranked in order by ascending BW.  

Within each block, a sequence of 4 randomly selected integers numbered 1, 2, 

3, and 4 were assigned to the steers, starting with the lightest 4 steers and 

proceeding through the heaviest 4 steers in a block.  This process was 

continued until each of the 160 steers had been assigned a random number.  

Treatments were randomly assigned to integers as follows:  (1) SFC-0;  (2) 

SFC-15;  (3) DRC-0;  and (4) DRC-15.  Blocks were assigned to 4 contiguous 

pens in the Burnett Center.  Within each group of 4 contiguous pens in a 

block, treatments were assigned randomly to pens by the use of 10 sets of 4 

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 fourth 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 June 5, 2007, all 348 steers were taken through the Burnett Center 

working facilities and sorted into 1 of 3 groups (cattle for this experiment, cattle 

for the other experiment, and extra cattle).  The 160 steers selected for use in 

this experiment were returned to the soil-surfaced pens in which they had 

been housed previously with 20 steers per pen.  Sorting began at 

approximately 0815 and ended at approximately 1015. 
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On June 7, 2007, the diet was switched to an 85% concentrate, with the 

delivery decreased to maintain approximately equal intake of NEg at the diet 

transition.  On June 8, 2007, the 160 steers selected for use in the experiment 

were taken through the working chute at the Burnett Center working facilities 

and sorted into their 10 assigned weight blocks (16 steers/block).  After 

sorting, the steers were housed by block in the soil-surfaced pens.  Sorting 

began at approximately 1000 and ended at approximately 1050.  The cattle 

were then fed the same quantity of feed delivered on a per animal basis on 

June 7. 

On June 12, 2007, the 160 steers were taken by block through the Burnett 

Center working facilities and implanted in the right ear with Revalor S 

(Intervet).  After implanting, cattle were sorted into 1 of 4 sorting pens, which 

represented their assigned Burnett Center pens (concrete, partially slotted 

floor pens;  2.9 m wide x 5.5 m deep).  After sorting was complete, cattle in 

each block were moved to their assigned Burnett Center pens and fed the 

same quantity of feed that was delivered per animal on June 11.  The process 

was started at approximately 0800 and was completed at approximately 1030. 

On June 14, 2007, the diet was switched to a 90% concentrate, with the 

delivery decreased from 8.4 to 8.2 kg (as-fed basis) to maintain approximately 

equal intake of NEg at the diet transition.  The following day, the Roto-Mix 84-

8 mixer/delivery unit that would be used for feeding the cattle during the 

experiment was calibrated with 454 kg of certified weights. 
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On June 18, all cattle were weighed individually in the Burnett Center 

working facility to start the experiment.  Weighing started at approximately 

0715 and was completed at approximately 0900.  Cattle were fed their 

assigned treatment diets for the first time. 

 

Treatments 

The SWDGS were received from the Abengoa Bioenergy plant in 

Portales, NM.  The product was transported from Portales to the Burnett 

Center and packed into plastic silage bags for storage during the experiment.  

Samples of product were taken as the trucks were unloaded, and these 

samples were stored frozen. 

The 4 treatments were arranged in a 2 x 2 factorial and consisted of diets 

based on either DRC or SFC with or without SWDGS:  (1) DRC-0 = DRC-

based diet with no added SWDGS;  (2) SFC-0 = SFC-based diet with no 

added SWDGS;  (3) DRC-15 = DRC-based diet with 15% (DM basis) added 

SWDGS;  and (4) SFC-15 = SFC-based diet with 15% (DM basis) added 

SWDGS.  All diets were formulated to contain 14.5% CP and equal 

concentrations of fat (Table 4.1).  Rumensin (33 mg/kg of DM), Tylan (11 

mg/kg), and vitamins and minerals were supplied by a premix that was 

included as 3.0% of the dietary DM.  The SFC was flaked to a bulk density of 

387 g/L. 
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Feeding, Weighing, and Routine Management 

Feed bunks were evaluated visually each day of the experiment to 

determine the quantity of feed to offer each pen.  The bunk management 

approach was designed to allow for 0 to 0.23 kg of feed remaining in the feed 

bunk at the morning evaluation.  After the amount of feed to be provided to 

each pen was determined, a sufficient quantity of each diet (all ingredients 

except the SWDGS for diets containing SWDGS) to supply the feed for all the 

pens on a given treatment was mixed in the feed mill.  The mixing order for 

diets (DRC-0, SFC-0, DRC-15, and SFC-15) was constant throughout the 

experiment.  After mixing, each diet was conveyed to a tractor-pulled, PTO-

driven mixer unit.  Because the SWDGS would not flow through the feed mill 

system, for diets containing SWDGS, the required quantity of SWDGS was 

added separately to the mixer unit with a front-end loader.  The feed for each 

pen on a given treatment was delivered using the scales on the mixer unit 

(readability ± 0.45 kg).  Cleanout of the mixer was monitored to ensure that 

cross-contamination of diets was minimized. 

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

dates were June 18, July 23, August 27, and October 1.  Individual unshrunk 

BW measurements (scale readability  0.45 kg;  calibrated with 454 kg of 

certified weights before use) were taken in the morning before feeding at the 

start of the experiment and just before shipment to slaughter.  All other 

weights were pen-based (scale readability  2.3 kg;  calibrated with 454 kg of 
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certified weights before use).  At each weighing day, feed bunks were swept, 

and any feed remaining in the bunks was weighed and its DM content 

determined.  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. 

On October 8, 2007, after 112-d on feed, cattle in blocks 6 through 10 

were weighed and shipped to the Cargill facility in Plainview, TX.  Personnel of 

the Texas Tech Meat Laboratory collected the carcass data in the slaughter 

facility. On October 29, cattle in blocks 1 through 5 were weighed and shipped 

to the same facility as the previous group of cattle.  As before, carcass data 

were collected by personnel of the Texas Tech Meat Laboratory. 

 

Feed Sampling 

Samples of dietary ingredients were taken once every other week (3 times 

each week for the SWDGS) during the experiment to determine DM content.  

Samples of mixed feed from the 10 pens/treatment were collected weekly 

throughout the experiment and composited within weighing periods.  

Composited feed samples of mixed feed (and a composite SWDGS sample) 

were analyzed for DM, CP, ADF, ether extract, Ca, P, K, and S by SDK 

Laboratories, Hutchinson, KS. 
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Health Problems and Treatments 

Based on a recommendation by Burnett Center personnel, on June 13, 

steer No. 531 that belonged to Pen No. 25 and weighed (sort BW) 383 kg was 

replaced by the extra steer No. 318 (382 kg sort BW).  Steer No. 531 had 

broken the tip of his hoof during the sorting process on June 12, and it was 

deemed that it would not heal quickly enough for the steer to be used in the 

experiment.  Steer No. 318 was retrieved from the extra group, implanted with 

Revalor S (Intervet), and placed in Pen 25.  Steer No. 531 was removed from 

the pen, and Burnett Center personnel treated the steer as needed and 

housed him in an area with a concrete surface and ample room to promote 

healing of his hoof. 

Two steers from Pen 22 were treated for cracked hooves on June 15.  

Steer No. 238 was given 30 mL of Maxim-200 (Phoenix Pharmaceutical – 

need company location) and 5 mL of Banamine (Schering-Plough, Kenilworth, 

NJ ), whereas steer No. 499 was given 25 mL of Maxim-200 and 5 mL of 

Banamine.  Both drugs were given i.v., and both steers were returned to their 

pen after treatment.  On June 18, the same 2 steers from Pen 22 that had 

been treated for cracked hooves on June 15 were given 35 mL of Maxim-200 

(s.c.).  The steers were returned to Pen 22 after treatment. 

On June 22, Burnett Center personnel treated steer No. 407 (Pen 41) for 

foot problems.  The steer was treated with 30 mL of Maxim-200 and 10 mL of 

dexamethasone (Phoenix Scientific Inc., Saint Joseph, MO) (both drugs i.v.) 
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and removed to a small soil-surfaced pen for observation.  The steer was fed 

out of the feed delivered to Pen 41.  This steer was treated again on June 26 

and July 2, with 30 mL of Maxim-200 and 10 mL of dexamethasone (both 

drugs i.v.) both treatment days.  He remained housed in a small soil-surfaced 

pen and fed out of the feed delivered to Pen 41.  The feed intake by the steer 

was at or greater than the pen average. 

On July 3, steer No. 455 was identified as an animal with poor body 

condition.  The steer was in a pen with low intake but, other than the body 

condition, did not present real signs of illness.  Assuming that the animal had 

some type of low-grade health problem, Burnett Center personnel were 

instructed to treat the steer as a precaution.  Thus, steer No. 455 in Pen 36 

was treated with 30 mL of Maxim 200 (s.c.).  In addition, on July 18, Burnett 

Center personnel treated steer No. 316 (Pen 3), steer No. 504 (Pen 5), and 

steer No. 503 (Pen 29) with 25 mL of Maxim-200 (s.c.).  These steers were 

identified as animals with below average body condition but no other real signs 

of illness in pens with below average feed intake.  Assuming that the animals 

had some type of low-grade health problem, the treatments were given as a 

precaution. 

On July 23, 2007, steer No. 407, which had been removed to a soil-

surfaced pen previously on June 22, was returned to Pen 41.  On July 30, 

steer No. 499 was removed from pen 23 because he seemed to have a foot 

problem. It was removed to a soil-surfaced pen for observation.  No treatment 
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was given at that time.  Two days later the steer was returned to pen No. 23 

after observing he did not present any injuries. 

On September 29, the Steer No. 467 from pen 34 was found dead in the 

pen.  The cause of death, given the amount of blood that had drained from the 

nose and mouth was likely the rupture of the aorta artery.  The animal count 

for Pen 34 was decreased in the computer bunk file. 

 

Carcass Evaluation 

Personnel from the Texas Tech University Meat Laboratory collected 

carcass data, including longissimus muscle area, marbling score, percentage 

of kidney, pelvic, and heart, and fat thickness at the 12th rib.  Yield grade was 

calculated, and quality grade was determined from marbling score and 

maturity data. 

 

Statistical Analyses 

Performance data from the randomized complete block design were 

analyzed with pen as the experimental unit.  The MIXED procedure of SAS 

(SAS Inst. Inc., Cary, NC) was used for computations, and the model included 

the fixed effect of treatment and the random effect of block.  Pen means for 

ADG, daily DMI, and carcass measurements were included in the data file.  

The ADG was calculated on both a live-weight and carcass-adjusted basis.  

Final BW for the carcass-adjusted data was calculated from the HCW (hot 
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weight of the animal after slaughter and after the hide, head, intestinal tract 

and internal organs have been removed) divided by the average dressing 

percent for cattle in all treatment groups.  The G:F was computed as the 

quotient of ADG (live- or carcass-adjusted basis) divided by daily DMI.  

Carcass quality grade data (proportion of USDA Choice or greater carcasses 

in each pen) were analyzed using the GLIMMIX procedure of SAS as a 

binomial proportion (same model as performance data). 

 

In Vitro Trial – Experiment 2 

 

Feed Samples 

Feed samples from the performance trial described previously (Chapter 

III) were used in different types of in vitro fermentation systems to evaluate 

rate of gas production, IVDMD, and hydrogen sulfide (H2S) concentrations in 

gas.  The dietary treatment substrates were the same as those described for 

the cattle feeding experiment:  (1) a DRC-based diet with no inclusion of 

SWDGS (DRC-0);  (2) a DRC-based diet with inclusion of 15% (DM basis) 

SWDGS (DRC-15);  (3) a SFC-based diet with 0% SWDGS (SFC-0);  and (4) 

a SFC-based diet with 15% SWDGS (SFC-15).  The samples were taken 

during 2 consecutive days from the Roto-Mix 84-8 mixer/delivery unit 

described previously, just before the release of the feed into the pen bunks 
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during the feeding trial.  After they were taken to the Ruminant Nutrition 

Laboratory at Texas Tech University, the samples were air-dried by placing 

them on a flat surface with an electric fan blowing air over the samples for 48 

h.  The feed samples were then ground in a Wiley mill to pass a 2-mm screen. 

 

In Vitro Incubations 

The basic incubation method used was adapted from Tilley and Terry 

(1963).  Ten, 125-mL serum bottles and 10 Ankom Digestion Modules (Ankom 

Technology Corp. Macedon, NY) were numbered from 1 to 10.  Approximately 

0.7 g of each of the 4 dietary substrates were weighed and put into 125-mL 

serum bottles and the Ankom flasks.  Each treatment was replicated in 

duplicate flasks, and 2 blank flasks with no feed were included in each set.  In 

addition, approximately 0.5 g of each feed was weighed in triplicate, including 

3 blanks, into fifteen, 50-mL centrifuge tubes that were labeled from 1 to 15.  

The same day that samples were weighed into tubes, approximately 1 g of 

each feed was dried using a forced-air oven at 100o C to calculate the DM 

content of the substrates. 

Two liters of McDougall’s buffer was prepared weighing 19.6 g of 

NaHCO3, 7.42 g of Na2HPO (anhydrous), 1.14 g of KCl, 0.94 g of NaCl, 0.24 g 

of MgSO4·7H2O, and 2 mL of a 4% (wt/vol) CaCl2 solution, and diluting these 

compounds in 2 L of distilled water.  Ruminal fluid was obtained from 2, 

mature ruminally cannulated steers approximately 4 h after feeding.  These 
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steers were consuming a 75% concentrate, steam-flaked corn-based diet.  

The ruminal fluid was strained through 4 layers of cheesecloth and stored in a 

thermos to maintain temperature until arrival to the Ruminant Nutrition 

Laboratory. 

Forty milliliters of McDougall’s buffer and 10 mL of ruminal fluid were 

poured in each 125-mL serum bottle and Ankom flask.  In the centrifuge tubes, 

the amount of buffer solution and ruminal fluid used was 28 and 7 mL, 

respectively.  Blanks were prepared by adding the buffer solution and the 

ruminal fluid in the vessels with no feed. 

The ruminal fluid and the buffer were added to the tubes containing the 

feed.  Each tube was then flushed with CO2.  Thereafter, the serum bottles 

were crimp-sealed, the Ankom flasks were tightly screwed to the pressure 

monitor cap, and the centrifuge tubes were capped with rubber stoppers.  The 

serum bottles and Ankom flasks were placed in an oscillating shaker (Environ-

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

oscillation speed at 125 rpm, whereas the centrifuge tubes were placed in a 

water bath at 39o C for 24 h. 

 

Gas Pressure Monitor 

The Ankom Gas Production System was used to measure the changes in 

pressure relative to the atmospheric pressure that occur inside the flask as a 

consequence of the gas produced during fermentation.  This system transmits 
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the data via a wireless system to a computer equipped with a software (Gas 

Pressure Monitor;  Ankom Technology Corp.) that stores the data in an Excel 

spreadsheet. 

The Ankom Gas Production System measured the gas pressure from 

each Ankom module every 5 min during the 24-h period.  The data obtained 

from this system were converted from pressure units (pounds per square inch) 

to volume units (milliliters) by using the formula developed by 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 analyses described in this section were conducted using procedures 

described by Galyean (1997).  After 24 h of incubation, the 50-mL tubes were 

centrifuged at 2,000 x g for 15 min, and the supernatant fluid was discarded.  

Subsequently, 35 mL of an acidified pepsin solution were added to each tube, 

and incubated in a water bath for 48 h at 39oC.  The pepsin solution was 

prepared adding 6.6 g of 1:3000 pepsin in a 1,000-mL volumetric flask, and 

diluting it in 100 mL of 1 N HCl, with distilled water added to volume.  After 48 

h, the tubes were removed from the water bath, and the contents of the tubes 

were filtered through previously dried and tared Whatman filter paper (No. 541 
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ashless;  Whatman International Ltd., Kent, ME).  After filtration, the filter 

papers were oven-dried at 100oC for 24 h and their weight was recorded.  The 

in vitro dry matter disappearance (IVDMD) was calculated using the following 

formula: 

IVDMD (%) = 100* [initial sample dry weight – (residue-blank)/initial 

sample dry weight]. 

 

Hydrogen Sulfide Production 

A brief summary of the H2S measurement procedure is given in Appendix 

Table 1.  A detailed description is provided here. 

After 24 h of incubation at 39oC, the rubber cap of each of the 125-mL 

serum bottles was punctured with a needle connected to a 5-mL syringe fitted 

with a 3-way valve.  One side of the valve was connected by a hose to an 

inverted 250-mL buret filled with water.  The total gas produced in each bottle 

was measured by displacement of water.  Immediately after the gas was 

released to the buret, the valve was switched, and a 5-mL sample of gas was 

drawn from the headspace of the bottle.  Immediately after collection, the gas 

sample was then slowly bubbled into alkaline water (distilled water that was 

brought to pH 8 with 0.1 N NaOH) inside a 15-mL vacutainer (BD Vacutainer, 

Becton Dickinson and Co., Franklin Lake, NJ) tube, followed by the addition of 

0.5 mL of N, N-dimethyl-p-phenylenediamine dihydrochloride sulfate (DPD 

reagent) and 0.5 mL of a ferric chloride solution. 



Texas Tech University, José Leibovich, May 2008 
 

 39 

The DPD reagent was prepared diluting 0.11 g of N, N-dimethyl-p-

phenylenediamine dihydrochloride (Sigma Chemical Co., St. Louis, MO;  

Product No. D4139) in 100 mL of a solution that was prepared adding 2 parts 

of concentrated sulfuric acid and 1 part of distilled water (2:1 H2SO4:H2O 

solution).  The ferric chloride solution was prepared dissolving 2.7 g of ferric 

chloride (FeCl3.6H20) in 50 mL of HCl and then diluting it to 100 mL with 

distilled water.  Twenty minutes after the addition of the reagents, the 

absorbance of the solultion in each vacutainer was determined in a 

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

CA) at a wavelength of 665nm. 

 

Methylene Blue Method:  Calibration Curve 

The methylene blue method was used to estimate the concentration of 

H2S in the gas produced during the in vitro incubation.  When sulfide reacts 

with N, N-dimethyl-p-phenylenediamine dihydrochloride in the presence of 

ferric chloride, methylene blue is formed (Siegel, 1965). 

A calibration curve was prepared by diluting 0.5 mL of Radiello Methylene 

Blue Calibration Standard for Hydrogen Sulfide (RAD 171, Product 

No.RAD171;  Supelco, Bellefonte, PA) in 24.5 mL of distilled water.  This 

dilution of the standard produces a blue color, and it has an absorbance 

analogous to a concentration of 1.145 µg/mL of S2-.  Aliquots of the first 

solution were taken and further diluted.  First, 3.75 mL were poured on a 



Texas Tech University, José Leibovich, May 2008 
 

 40 

beaker to which 1.25 mL of distilled water were added;  this solution has an 

absorbance analogous to a concentration of 0.85875 µg/mL of S2-.  Next, 2.5 

and 1.25 mL of the same solution were diluted in 2.5 and 3.75 mL of distilled 

water, respectively, resulting in absorbance readings analogous to 

concentrations of 0.57250 µg/mL and 0.28625 µg/mL of S2-.  Finally, a blank 

solution was prepared using alkaline water combined with the DPD and ferric 

chloride reagents described previously.  The standards and blank solutions 

were read at a wavelength 665 nm in the Beckman DU-50 spectrophotometer 

described above, and a calibration curve was obtained by regression of the 

standard S2- concentration values on the absorbance of the calibration 

solutions.  Dividing these known concentrations of S2- by 0.9409 (H2S has 

94.09% S) the concentrations of the standards were calculated in terms of 

µg/mL of H2S.  The concentration of H2S in gas samples was calculated using 

the regression equation developed with the standard curve, after which the 

concentration of H2S was multiplied for the total gas produced in the 24-h 

period and then divided by the molecular weight of the H2S (34.08 g/mol) to 

obtain the total production during the incubation period in µMol/24h.  The 

IVDMD results were subsequently used to correct the results for fermentable 

DM (e.g., µMol/24 h per gram of fermentable DM).  Finally, the H2S production 

value from the blanks was subtracted from the treatments to account for H2S 

production from the ruminal fluid alone. 
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Statistical Analyses 

Each in vitro incubation procedure described above was replicated on 2 

separate days.  As mentioned before, the H2S production and gas pressure 

systems were performed with duplicate samples within each separate run, 

whereas triplicates were used for the IVDMD.  Data from the duplicates and 

triplicates were pooled within each separate run. 

Data for H2S production and IVDMD were analyzed as a randomized block 

design using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC).  Each 

separate runs was designated as block, which was considered a random 

effect in the model.  The area under the curve (AUC) was calculated for each 

treatment, and a non-linear model was used to fit the data from the Ankom 

Gas Pressure Monitor.  The non-linear model was the modified Gompertz 

equation (Schofield et al., 1994), which included the lag time (L), the maximum 

value (M), and the rate (k) of gas production.  These parameters and the AUC 

were analyzed using the MIXED procedure of SAS, using the same model as 

described for H2S and IVDMD data. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 
 

Finishing Trial – Experiment 1 

 

Diet Analyses 

Chemical composition of the dietary treatments used in the trial is shown 

in Table 4.1.  The overall nutritional composition was similar among the 

different treatments;  however, the diets containing SWDGS had slightly 

greater CP and ADF contents than the diets with no SWDGS.  The CP values 

for DRC-0, SFC-0, DRC-15, and SFC-15 diets were 15.19, 14.78, 16.32, and 

16.39% of the DM, respectively.  Diets were formulated based on composition 

estimates from the Abengoa Bioenegy ethanol plant in Portales, NM, where 

the SWDGS were produced.  These increased CP for diets that contained 

SWDGS reflect a greater CP content in the SWDGS than expected from the 

data obtained from the ethanol plant (38.3% CP based on data from the plant 

vs. 45.6% CP based on an analysis of a composite sample of the SWDGS). 

 

Cattle Performance 

Statistical analyses indicated that the interaction between grain processing 

method and SWDGS inclusion in the diets was not significant (P ≥ 0.20) for 

any of the performance variables.  As a result, only main-effect means were 
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compared (Table 4.3).  The finding that processing method did not interact 

with inclusion of SWDGS does not agree with the results of other studies in 

which significant interactions between these 2 factors were noted for DMI 

(May et al., 2007), final BW, ADG, and gain efficiency (Corrigan et al., 2007). 

 

Body Weight.  Initial BW (Table 4.3) did not differ among treatments 

(average = 397.6 kg).  Live- and carcass-adjusted final BW did not differ as a 

result of grain processing method, but BW was greater for steers fed diets that 

did not contain SWDGS (P ≤ 0.04) than for those fed the 15% SWDGS diets.  

Final live BW of steers fed SWDGS was, on average, 582.5 kg, whereas the 

steers fed diets without SWDGS had a final BW of 595.8 kg.  When final BW 

was adjusted to an equal dressing percent by dividing the HCW by the 

average dressing percent of 62.19, the difference in final BW was greater than 

observed on a live weight basis.  The carcass-adjusted BW for steers fed 15% 

SWDGS and for those fed no SWDGS were 579.9 kg and 598.4 kg, 

respectively.  This effect on carcass-adjusted BW reflects differences between 

0 and 15% SWDGS treatments in dressing percent that will be discussed in a 

subsequent section. 

Vasconcelos et al. (2007) reported a linear decrease in carcass-adjusted 

BW as inclusion level of SWDGS in SFC-based diets increased from 0 to 15% 

of the total dietary DM.  On the other hand, Al-Suwaiegh et al. (2002) reported 

that inclusion of 30% of sorghum or corn WDG in a DRC-based diet resulted in 
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greater final BW compared with steers fed the control diet.  Firkins et al. 

(1985) found no differences in final BW when 25 or 50% of the dietary HMC 

content (DM basis) was replaced with WDG. 

 

Average Daily Gain.  No differences were noted between DRC- and 

SFC-based diets for either live-basis or carcass-adjusted ADG for the overall 

feeding period (d 0 to end;  Table 4.3).  Conversely, treatments with 15% 

SWDGS resulted in lower ADG than those without the coproduct (P < 0.01).  

These results are in support of the findings of Vasconcelos et al. (2007), in 

which ADG decreased linearly as level of SWDGS inclusion increased from 0 

to 15% of the DM.  In contrast, Firkins et al. (1985) reported a linear increase 

in ADG as more WDG was included in HMC-based diets.  In addition, in the 

study of Al-Suwaiegh et al. (2002), results showed that addition of 30% (DM 

basis) of sorghum or corn WDG increased the ADG compared with steers fed 

a DRC-based diet without WDG.  Ham et al. (1994) also reported a greater 

ADG by steers fed wet and dry DGS compared to steers fed a DRC-based 

diet. 

 

Dry Matter Intake.  As expected, DMI was less with SFC-based diets than 

for DRC-based diets (P < 0.01).  Despite lower DMI (P = 0.03) for the initial 70 

d of the trial by steers fed the 15% SWDGS diets, inclusion of SWDGS in the 

diets did not affect DMI for the overall feeding period. 
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Other experiments reported no differences in DMI when distillers 

coproducts were included in finishing diets (Firkins et al., 1985;  Lodge et al., 

1997a;  Al-Suwaiegh et al.,2002;  Vasconcelos et al., 2007).  Nonetheless, 

Ham et al. (1994) reported that feeding diets containing 40% DDGS resulted in 

greater DMI than with diets that did not include coproducts or inclusion of 40% 

wet distillers byproduct (WDB).  Conversely, Larson et al. (1993) reported a 

linear decrease in DMI in response to increasing the levels of WDB from 0 to 

40% of the dietary DM. 

 

Gain Efficiency.  Gain efficiency was calculated as the quotient of the 

ADG and average DMI for the various periods of the experiment.  Feeding 

DRC-based and 15% SWDGS diets decreased G:F (P < 0.01).  The improved 

efficiency for steers fed SFC-based diets suggests that more starch was 

available in these diets compared with the DRC-based diets.  Similar to the 

present results, Barajas and Zinn (1998) reported that steam-flaking the corn 

improved gain efficiency through decreased DMI and no differences in ADG. 

Most of the research reviewed in Chapter I of this thesis reported 

improvements in gain efficiency when distillers coproducts were included in 

the diet (Firkins et al., 1985;  Larson et al., 1993;  Ham et al., 1994;  Lodge et 

al., 1997b;  Huls et al., 2008).  Present results, suggesting lower G:F with 

addition of SWDGS at 15% of the DM, are supported by the findings of 

Vasconcelos et al. (2007). 
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Carcass Characteristics 

No significant interactions (P ≥ 0.20) between corn processing method 

and inclusion of SWDGS were noted for the carcass characteristics, except for 

marbling score and % of USDA Choice or greater carcasses.  Results for the 

main-effect means for the carcass characteristics variables that did not show 

interaction are presented in Table 4.4, whereas results for the simple-effect 

means for marbling score and percent of carcasses that graded USDA Choice 

or better are presented in Table 4.5. 

Fat thickness at the 12th rib (P = 0.03) and yield grade (P = 0.02) were 

greater for steers fed SFC-based diets.  Conversely, LM area was greater (P = 

0.08) in carcasses of steers fed DRC-based diets.  No differences resulting 

from corn processing method were found for HCW, dressing percent, KPH, or 

percentage of abscessed livers.  In contrast, Corrigan et al. (2007) reported 

that SFC-based diets resulted in lower fat thickness than HMC- and DRC-

based diets. 

Inclusion of 15% SWDGS resulted in lower HCW (P = 0.01) and dressing 

percent (P = 0.03) than noted for the 0% SWDGS diets.  No differences 

resulting from SWDGS inclusion in the diets were noted for other carcass 

characteristics measured.  Similarly, Vasconcelos et al. (2007) reported that 

HCW decreased linearly with increasing dietary levels of SWDGS, up to 15% 

of the dietary DM.  Furthermore, these authors reported that LM area 
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decreased in response to inclusion of SWDGS in the diets;  however, they did 

not observe differences in dressing percent.  Corrigan et al. (2007) reported no 

differences in LM area in response to WDGS.  Moreover, these authors 

reported that HCW increased linearly as inclusion of WDGS increased in the 

DRC-based diets, whereas a quadratic response for HCW was obtained as 

WDGS inclusion increased from 0 to 40% of the DM in the SFC-based diets. 

Comparison of the simple effects for marbling score and percentage of 

carcasses that graded Choice or greater (Table 4.5) indicated that carcasses 

from steers fed the SFC-0 diet had a lower marbling score (P < 0.06) than 

carcasses from cattle fed the DRC-0 and SFC-15 diets.  Percentage of cattle 

that graded Choice or greater also was least for steers fed the SFC-0 diet.  

Reasons for these interactions are not clear.  Contrary to the results obtained 

in the present experiment, Corrigan et al. (2007) reported no significant 

interaction between corn processing method and inclusion of corn distillers 

grain in the diet for marbling score;  however, they also reported significant 

interaction between grain processing method and inclusion level of WDGS on 

HCW and a tendency for interaction on fat thickness at the 12th rib, percentage 

of kidney, pelvic, and heart fat, yield grade (KPH), and liver abscesses. 

Many experiments have been performed to study the effects of the 

inclusion of distillers coproducts in diets for ruminants, but the results and 

conclusions derived from them are variable.  Results from the present 

experiment and data from previous research suggest that distillers coproducts 
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can be used in finishing feedlot diets.  Nonetheless, several factors should be 

addressed when deciding whether to include distillers grain in feedlot diets.  

Availability and price are important factors that may lead to the decision to use 

distillers coproducts.  The choice between the dry or wet form of the coproduct 

might be the first challenge when the decision to use these coproducts has 

been made.  Available data suggest that wet distillers grains have higher 

protein quality than the dried form (Akayezu et al., 1998).  Furthermore, Ham 

et al. (1994) reported greater G:F for diets based on WDGS than for those that 

included DDGS.  It has been shown, however, that wet distillers grains are 

more variable in nutrient content than the dried form of distillers coproducts 

(Guiroy et al., 2007). 

Consistency of nutrient composition also is an important factor to take into 

account when choosing whether to use distillers coproducts.  The amount of 

solubles added back during the production process, differences in processes 

among plants, variation in processes within a plant, as well as variability 

among different loads of the grain used to produce ethanol, are some of the 

causes of the typical inconsistency in the composition of coproducts (Akayezu 

et al., 1998;  Belyea et al., 2004;  Guiroy et al., 2007;  Buckner et al., 2008). 

Results from the performance experiment described in this thesis showed 

that inclusion of 15% SWDGS in finishing diets did not result in an interaction 

with the grain processing method for any cattle performance variable and for 

most of the carcass characteristics.  Results of other research, however, such 
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as the studies from May et al. (2007) and Corrigan et al. (2007), indicated that 

associative effects between these factors were significant.  In the present 

experiment, when SWDGS were included in the diets, DMI was similar to diets 

with no SWDGS added;  however, cattle fed diets without SWDGS had greater 

ADG and thereby greater G:F than cattle fed diets with 15% SWDGS.  

Similarly, in a previous study at Texas Tech University, Vasconcelos et al 

(2007) reported that ADG decreased linearly as concentration of SWDGS 

increased from 0% to 15% in a SFC-based diet.  In contrast, Al-Suwaiegh et 

al. (2002) reported no differences in DMI in response to inclusion of 30% WDG 

in cattle finishing diets, which agrees with the present results.  It should be 

noted, however, that these authors reported a greater ADG by steers fed the 

diets that contained distillers coproducts than those without coproducts, which 

contrasts with the present results. 

We conclude that, under the conditions of this study, the response to 15% 

(DM basis) SWDGS in finishing diets was not affected by dry rolling or steam-

flaking the corn portion of the diet.  Moreover, including 15% SWDGS 

decreased G:F to approximately the same extent as replacing all the SFC in 

the diet with DRC.  Additional research needs to be conducted to more 

thoroughly understand the implications of including ethanol coproducts in the 

diets of feedlot cattle. 
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In Vitro Trial – Experiment 2 

 

Feed Analyses 

Results for the analyses of the feed used for the in vitro incubations are 

shown in Table 4.2.  Differences in nutrient composition between these 

samples and the feed analyses from the performance trial presented in 

Chapter IV (Table 4.1), reflect the different sampling methods used.  Samples 

for this portion of the study were taken on 2 consecutive days during the trial, 

whereas results from the diets used in the performance trial were a composite 

of weekly samples across the entire feeding period.  Thus, small differences in 

analytical results between the 2 sets of samples were not unexpected. 

 

In Vitro Dry Matter Disappearance 

Results of the IVDMD are shown in Table 4.6.  No grain processing 

method x SWDGS inclusion was found for IVDMD (P = 0.57).  Consequently, 

only main-effects were compared. 

The SFC-based diets had a greater IVDMD than the DRC-based diets (P 

< 0.01).  This result agrees with the previous statements in Chapter I 

regarding the report by Zinn et al. (2002) that steam-flaking corn increases the 

digestibility of starch and other nutrients such as protein. 

Comparison of the substrates that included 15% SWDGS vs. those with 

no SWDGS inclusion showed that the 0% SWDGS treatment had greater 
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IVDMD than the 15% SWDGS (P < 0.01).  This result could be a 

consequence, at least in part, to the greater content of ADF and lower starch 

concentration in the 15% SWDGS substrate compared with the substrate with 

no SWDGS.  At 15% of the dietary DM, the IVDMD of the SWDGS alone 

would have to be 39.7% to account for the difference of 4.36% between the 

15% SWDGS diets and the 0% SWDGS diets.  Similar to the present results, 

Corrigan et al. (2008b) reported lower DM and organic matter digestibility for 

diets based on WDGS comparing to diets with no inclusion of the coproduct. 

 

Hydrogen Sulfide Production 

The results for H2S production are shown in Table 4.6.  As with IVDMD 

data, the interaction between corn processing method and SWDGS inclusion 

was not significant (P = 0.48).  Consequently, only the main-effect means 

were compared. 

No differences between grain processing method (P = 0.11) or SWDGS 

inclusion (P = 0.15) on total H2S production were found during the 24-h 

incubation period.  These results reflect the fact that the substrate diets were 

relatively balanced on their S content (Table 4.2).  Because there was not a 

significant interaction among factors, it can be concluded that when dietary S 

concentrations are within the ranges we evaluated, the greater starch 

availability obtained by steam flaking corn does not seem to result in increased 

production of H2S in vitro. 
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Gas Pressure 

Area Under the Curve.  Results from the AUC statistical analyses showed 

no interaction (P = 0.41) between corn processing method and SWDGS 

inclusion (Table 4.6).  Comparison of the main-effect means indicated that 

AUC was greater for the SFC-based diet substrates (P < 0.02;  Figure 4.1) 

and for the 0% SWDGS (P < 0.03;  Figure 4.2) diet substrates than for the 

DRC and 15% SWDGS substrates, respectively.  These results support the 

findings reported in the IVDMD data, in that substrates in which the corn was 

more thoroughly processed (SFC), and substrates in which the corn was not 

replaced with the less digestible SWDGS (at 15% of the DM), resulted in 

greater digestibility and thereby increased gas production. 

Non-Linear Model Parameters.  Results from the statistical analyses of the 

lag time (L), maximum value (M), and rate (k) of gas production showed that 

there was a significant interaction between grain processing method and 

SWDGS inclusion in the substrates for the M value (P < 0.01), whereas for the 

L and k values, no interactions were detected (P = 0.24 and 0.46, 

respectively). 

Results for the main-effect means for M, L, and k values are presented in 

Table 4.6.  Because of the interaction noted above, main-effects means for the 

M values should be viewed with caution, and simple-effect means for this 

parameter will be discussed in the next paragraph.  The lag time did not differ 
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between substrates based on DRC and SFC (P = 0.14), nor did the 0 vs. 15% 

SWDGS (P = 0.51) treatments differ.  Conversely, rate of gas production was 

greater for SFC-based dietary substrates (P < 0.02) compared with substrates 

based on DRC and also greater for substrates that did not contain SWDGS (P 

= 0.04). 

Simple-effect results for the M value are shown in Table 4.7.  Somewhat 

surprisingly, the maximum gas volume value was greater for the DRC-0 

treatment compared with the other 3 treatments (Figure 4.3).  The lowest M 

value was observed with the DRC-15 treatment, whereas SFC-0 and SFC-15 

had M values that were intermediate to those for the DRC-0 and DRC-15 

dietary substrates. 

The reasons for the presence of an interaction for the M variable are not 

clear.  As mentioned in Chapter I, data from previous performance trials (May 

et al., 2007;  Corrigan et al., 2007) reported significant interactions between 

grain processing method and inclusion of distillers coproducts, but in those 

cases positive associative effects of DRC and distillers coproducts were 

reported, whereas results from this in vitro gas production study suggest that 

the associative effect between inclusion of 15% SWDG in the DRC-based 

substrate for the M value was negative.  Nevertheless, the analysis of this 

variable should be considered in the context of the other the variables studied 

here.  The M value was reached within the last hours of the 24-h incubation 

period, which might reflect the slower rate of gas production in the DRC-0 



Texas Tech University, José Leibovich, May 2008 
 

 54 

substrates compared with the SFC substrates.  Perhaps the pH in the flasks 

dropped more rapidly with the SFC substrates, thereby limiting the total gas 

production, whereas the slower rate of gas production (and presumably higher 

pH) with the DRC-0 substrate might have allowed for extended activity of the 

microbial population, resulting in the greater M value. 

Results from this study suggest that corn processing method and SWDGS 

inclusion in the diets have an important effect on the substrate digestibility 

measured in vitro.  Greater IVDMD and AUC values for SFC- relative to DRC-

based diets confirm previous findings that the SFC has a greater nutritional 

value than DRC in high-concentrate diets.  In addition, the inclusion of 15% 

SWDGS resulted in lower IVDMD and gas production AUC values, and the 

magnitude of this effect was similar to the effect of replacing all the SFC in the 

diet with DRC.  More research is needed to understand how the inclusion of 

distillers coproducts affects the IVDMD, as well as understanding the effect of 

increasing the S concentrations in the substrates on the H2S production. 
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Table 4.1.  Composition and analyzed nutrient content (DM basis) of diets 
based on dry-rolled or steam-flaked corn, with or without sorghum wet distillers 
grains plus solubles (SWDGS)1 
 
 Corn processing method: Dry-rolled Steam-flaked 
     
Item SWDGS concentration, %: 0 15 0 15 
 
Ingredient 
 Corn 70.31 69.40 70.29 69.39 
 Sorghum WDGS2 - 14.93 - 14.94 
 Alfalfa hay, ground 2.56 2.56 2.55 2.55 
 Cottonseed hulls 7.57 7.57 7.58 7.58 
 Cottonseed meal 8.45 - 8.46 - 
 Urea 1.05 0.45 1.06 0.45
 Fat 3.05 2.02 3.04 2.02 
 Molasses 3.93 - 3.94 - 
 Supplement3, 4 3.08 3.07 3.08 3.07 
 
Analyzed composition     
 DM, % 85.74 67.10 82.53 64.63 
 CP, % 15.19 16.32 14.78 16.39 
 ADF, % 10.94 13.59 11.06 14.59 
 EE, % 6.57 6.47 5.70 6.67 
 Ca, % 0.57 0.56 0.64 0.62 
 P, % 0.36 0.35 0.33 0.35 
 K, %,  0.8 0.80 0.80 0.89 
 S, % 0.21 0.23 0.20 0.24 
 
 
1Corn was either dry rolled or steam-flaked (387 g/L), and SWDGS 
concentration was either 0 or 15% of dietary DM.  

2The average DM of SWDGS during the experiment was 26.6% (standard 
deviation = 1.22).  

3Supplement for the 0% SWDGS diets contained (DM basis):  27.841% 
cottonseed meal;  0.500% Endox (Kemin Industries, Des Moines, IA);  
35.088% limestone;  0.432% dicalcium phosphate;  6.667% potassium 
chloride;  14.493% MIN-AD (MIN-AD Corp, Amarillo, TX);  3.559% magnesium 
oxide;  2.778% ammonium sulfate;  10.000% salt;  0.001% cobalt carbonate;  
0.131% copper sulfate;  0.056% iron sulfate;  0.002% ethylenediamine 
dihydroiodide;  0.222% manganese oxide;  0.083% selenium premix (0.2% 
Se);  0.657% zinc sulfate;  0.007% vitamin A (1,000,000 IU/g);  0.105% 
vitamin E (500 IU/g);  0.562% Rumensin (176.4 mg/kg;  Elanco Animal Health, 
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Indianapolis, IN);  and 0.375% Tylan (88.2 mg/kg;  Elanco Animal Health).  
Concentrations in parenthesis are expressed on a 90% DM basis. 
 
4Supplement for the SWDGS diets contained (DM basis):  12.984% 
cottonseed meal;  0.500% Endox;  35.088% limestone;  0.432% dicalcium 
phosphate;  20.667% potassium chloride;  14.493% MIN-AD;  3.635% urea;  
3.559% magnesium oxide;  10.000% salt;  0.001% cobalt carbonate;  0.131% 
copper sulfate;  0.056% iron sulfate;  0.002% ethylenediamine dihydroiodide;  
0.222% manganese oxide;  0.083% selenium premix (0.2% Se);  0.657% zinc 
sulfate;  0.007% vitamin A (1,000,000 IU/g);  0.105% vitamin E (500 IU/g);  
0.562% Rumensin (176.4 mg/kg);  and 0.375% Tylan (88.2 mg/kg).  
Concentrations in parenthesis are expressed on a 90% DM basis.
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Table 4.2.  Composition and analyzed nutrient content (DM basis) of diets 
based on dry-rolled or steam-flaked corn, with or without sorghum wet distillers 
grains plus solubles (SWDGS).1 
 
 Corn processing method: Dry-rolled Steam-flaked 
     
Item SWDGS concentration, %: 0 15 0 15 
 
Ingredient 
 Corn 70.31 69.40 70.29 69.39 
 Sorghum WDGS - 14.93 - 14.94 
 Alfalfa hay, ground 2.56 2.56 2.55 2.55 
 Cottonseed hulls 7.57 7.57 7.58 7.58 
 Cottonseed meal 8.45 - 8.46 - 
 Urea 1.05 0.45 1.06 0.45  
 Fat 3.05 2.02 3.04 2.02 
 Molasses 3.93 - 3.94 - 
 Supplement2, 3 3.08 3.07 3.08 3.07 
 
Analyzed composition     
 DM, % 88.34 88.65 88.35 88.65 
 CP, % 17.89 16.72 18.22 16.78 
 ADF, % 9.73 13.95 10.51 12.10 
 EE, % 6.86 6.46 6.51 6.09 
 Ca, % 0.50 0.58 0.61 0.63 
 P, % 0.32 0.32 0.32 0.27 
 K, %,  0.70 0.79 0.73 0.84 
 S, % 0.20 0.24 0.23 0.21 
 
 
1Corn was either dry rolled or steam flaked (387 g/L), and SWDGS 
concentration was either 0 or 15% of dietary DM. 
 
2Supplement for the 0% SWDGS diets contained (DM basis):  27.841% 
cottonseed meal;  0.500% Endox (Kemin Industries, Des Moines, IA);  
35.088% limestone;  0.432% dicalcium phosphate;  6.667% potassium 
chloride;  14.493% MIN-AD (MIN-AD Corp, Amarillo, TX);  3.559% magnesium 
oxide;  2.778% ammonium sulfate;  10.000% salt;  0.001% cobalt carbonate;  
0.131% copper sulfate;  0.056% iron sulfate;  0.002% ethylenediamine 
dihydroiodide;  0.222% manganese oxide;  0.083% selenium premix (0.2% 
Se);  0.657% zinc sulfate;  0.007% vitamin A (1,000,000 IU/g);  0.105% 
vitamin E (500 IU/g);  0.562% Rumensin (176.4 mg/kg;  Elanco Animal Health, 
Indianapolis, IN);  and 0.375% Tylan (88.2 mg/kg;  Elanco Animal Health).  
Concentrations in parenthesis are expressed on a 90% DM basis. 
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3Supplement for the SWDGS diets contained (DM basis):  12.984% 
cottonseed meal;  0.500% Endox;  35.088% limestone;  0.432% dicalcium 
phosphate;  20.667% potassium chloride;  14.493% MIN-AD;  3.635% urea;  
3.559% magnesium oxide;  10.000% salt;  0.001% cobalt carbonate;  0.131% 
copper sulfate;  0.056% iron sulfate;  0.002% ethylenediamine dihydroiodide;  
0.222% manganese oxide;  0.083% selenium premix (0.2% Se);  0.657% zinc 
sulfate;  0.007% vitamin A (1,000,000 IU/g);  0.105% vitamin E (500 IU/g);  
0.562% Rumensin (176.4 mg/kg);  and 0.375% Tylan (88.2 mg/kg).  
Concentrations in parenthesis are expressed on a 90% DM basis. 
 
 



Texas Tech University, José Leibovich, May 2008 
 

 59 

Table 4.3.  Effects of corn processing method and concentration of sorghum wet distillers grains plus solubles 
(SWDGS) on performance by finishing beef steers 
 
 Corn processing method1 SWDGS concentration, %1 
     
Item DRC SFC P-value2 0 15 P-value2 SE3 
 
Initial BW, kg 398.0 397.2 0.64 397.0 398.2 0.51 9.56 
Final BW, kg 588.4 589.9 0.80 595.8 582.5 0.04 8.46 
Adjusted final BW, kg4 588.7 589.5 0.91 598.4 579.9 0.01 8.12 
         
ADG, kg        
 d 0 to 35 1.87 1.92 0.61 2.09 1.70 <0.01 0.057 
 d 0 to 70 1.74 1.76 0.64 1.86 1.64 <0.01 0.040 
 d 0 to 105 1.64 1.66 0.81 1.71 1.58 0.02 0.039
  
 d 0 to end5 1.56 1.58 0.64 1.63 1.51 0.02 0.036 
 Adjusted, d 0 to end4 1.56 1.58 0.72 1.65 1.49 <0.01 0.037 
         
Daily DMI, kg/steer        
 d 0 to 35 9.02 8.47 <0.01 9.22 8.26 <0.01 0.078 
 d 0 to 70 9.77 9.08 <0.01 9.59 9.26 0.03 0.146 
 d 0 to 105 9.93 9.34 <0.01 9.71 9.56 0.41 0.181
  
 d 0 to end5 10.00 9.32 <0.01 9.70 9.62 0.66 0.179 
         
G:F        
 d 0 to 35 0.207 0.225 0.02 0.226 0.207 0.01 0.0051 
 d 0 to 70 0.177 0.194 <0.01 0.195 0.177 <0.01 0.0027 
 d 0 to 105 0.165 0.177 <0.01 0.177 0.166 <0.01 0.0022 
 d 0 to end5 0.156 0.170 <0.01 0.168 0.157 <0.01 0.0021 
 Adjusted, d 0 to end5 0.156 0.169 <0.01 0.170 0.155 <0.01 0.0026 
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1Corn was either dry rolled (DRC) or steam-flaked (SFC;  387 g/L), and SWDGS concentration was either 0 or 
15% of dietary DM.  No corn processing method x SWDGS concentration interactions were detected (P ≥ 
0.20). 
 
2Observed significance levels for corn processing method or SWDGS concentration main-effect comparisons. 
 
3Pooled standard error of main-effect means, n = 20 pens/main-effect mean. 
4Adjusted final BW equaled hot carcass weight divided by average dressing percent (62.19%).  Adjusted gain 
(d 0 to end) was calculated from the adjusted final BW and the initial BW, and adjusted gain:feed (d 0 to end) 
was calculated as the ratio of adjusted ADG to d 0 to end DMI. 
 
5Cattle in the blocks through 1 through 5 were on feed for 133 d, whereas cattle in the blocks 6 through 10 were on 
feed for 112 d, resulting in an average of 122.5 d on feed. 
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Table 4.4.  Effects of corn processing method and concentration of sorghum wet distillers grains plus solubles 
(SWDGS) on carcass characteristics of finishing beef steers 
 
 Corn processing method1 SWDGS concentration, %1 
     
Item DRC SFC P-value2 0 15 P-value2 SE3 
 
Hot carcass weight, kg 366.1 366.6 0.91 372.2 360.6 0.01 5.05 
Dressing percent 62.23 62.16 0.77 62.47 61.91 0.03 0.233 
LM area4, sq. cm 81.93 79.29 0.08 81.81 79.42 0.10 1.368 
12th rib fat, cm 1.35 1.50 0.03 1.40 1.45 0.36 0.046 
KPH, %4 3.32 3.37 0.68 3.32 3.37 0.69 0.162 
Yield grade 3.69 3.96 0.02 3.79 3.87 0.48 0.106 
Marbling score4,5 430.5 427.1 0.73 426.5 431.1 0.63 8.04 
Choice or greater5, % 63.75 56.25 0.34 58.75 61.25 0.78 - 
Select or less6, % 36.25 43.75 - 41.25 38.75 - - 
Abscessed livers7, % 7.50 7.50 0.98 5.00 10.00 0.98 - 
 
1Corn was either dry rolled (DRC) or steam-flaked (SFC;  387 g/L), and SWDGS concentration was either 0 or 
15% of dietary DM.  No corn processing method x SWDGS concentration interactions were detected (P ≥ 
0.20), except as noted below for marbling score and quality grade data. 
2Observed significance levels for corn processing method or SWDGS concentration main-effect comparisons. 
3Pooled standard error of main-effect means, n = 20 pens/main-effect mean. 
4LM = longissimus muscle;  KPH = kidney, pelvic, and heart fat;  Marbling score:  300 = Slight0;  400 = Small0;  
500 = Modest0. 
5Corn processing method x SWDGS concentration interaction (P = 0.04 for marbling score;  P = 0.06 for 
Choice or greater and Select or less). 
6P-values for Select or less are identical to the Choice or greater values. 
7Sum of A-, A, and A+ liver abscess scores. 
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Table 4.5.  Simple-effect means for variables that showed a significant (P ≤ 0.06) corn processing method x 
sorghum wet distillers grain plus solubles (SWDGS) interaction1 

 
 Corn processing method: Dry-rolled Steam-flaked 
     
Item SWDGS concentration, %: 0 15 0 15 SE2 

 
Marbling score3 440.3a 420.8ab 412.7b 441.5a 10.56 
Choice or greater, % 70.00a 57.50ab 47.50b 65.00ab - 
Select or less, % 30.00 42.50 52.50 35.00 - 

 
1Corn was either dry rolled (DRC) or steam-flaked (SFC;  387 g/L), and SWDGS concentration was either 0 or 15% 
of dietary DM. 
 
2Pooled standard error of simple-effect means, n = 10 pens/simple-effect mean. 
 
3Marbling score:  300 = Slight0;  400 = Small0;  500 = Modest0. 
 
a,bRow means with different superscripts differ, P < 0.06. 
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Table 4.6.  Effects of corn processing method and concentration of sorghum wet distillers grains plus solubles 
(SWDGS) on in vitro dry matter disappearance (IVDMD), H2S production, and in vitro total gas production. 
 
 Corn processing method1 SWDGS concentration, %1 
     
Item DRC SFC P-value2 0 15 P-value2 SE3 
 
IVDMD, % 64.64 68.50 0.01 68.75 64.39 < 0.01 2.75 
 
H2S production,   
µmol/(24 h•g fermentable DM) 4.17 3.67 0.11 4.13 3.71 0.15 0.81 
 
In vitro gas production  
 
 AUC, mL x min 188,181 210,350 < 0.02 208,679 189,838 0.03 7506 
 
 M4, mL 224.13 219.68 0.10 227.66 216.17 < 0.01 9.51 
 
 k, min-1 0.0144 0.0179 < 0.02 0.0172 0.0150 0.04 0.0006 
 
 lag, min 26.27 12.84 0.14 17.05 22.06 0.51 4.74 
 
1Corn was either dry rolled (DRC) or steam flaked (SFC;  387 g/L), and SWDGS concentration was either 0 or 15% of 
dietary DM.  No corn processing method x SWDGS concentration interactions were detected (P ≥ 0.20), except as 
noted below for the gas volume maximum value (M). 
 
2Observed significance levels for corn processing method or SWDGS concentration main-effect comparisons. 
 
3Pooled standard error of main-effect means, n = 8 flasks/mean for all variables except for IVDMD, for which n = 12 
flasks/mean. 
 
4Corn processing method x SWDGS concentration interaction, P < 0.01.
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Table 4.7.  Simple-effect means for the variable (M = estimated maximum of gas production) that showed a significant (P 
≤ 0.01) corn processing method x sorghum wet distillers grain plus solubles (SWDGS) interaction1 
 
 Corn processing method: Dry-rolled Steam-flaked 
     
Item SWDGS concentration, %: 0 15 0 15 SE2 
 
M, mL 235.78a 212.63b 219.53b 219.68b 9.45 
 
1Corn was either dry rolled (DRC) or steam flaked (SFC;  387 g/L), and SWDGS concentration was either 0 or 15% of 
dietary DM. 
 
2Pooled standard error of simple-effect means, n = 4 flasks/mean. 
 
a,bRow means with different superscripts differ, P < 0.05. 
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Figure 4.1.  Changes in gas volume during the 24-h incubation period.  Main-effect 
means for the effect of corn processing method.  n = 8 flasks/main-effect means. 
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Figure 4.2.  Changes in gas volume during the 24-h incubation period.  Main-effect 
means for the effect of sorghum wet distillers grain inclusion level.  n = 8 flasks/main-
effect mean. 
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Figure 4.3.  Changes in gas volume during the 24-h incubation period.  Simple-effect 
means for the effect of corn processing method x sorghum west distillers grain 
inclusion level.  n = 4 flasks/simple-effect mean. 
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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. 

Sulfuric Acid 2:1: 
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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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