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ABSTRACT 

 

Two hundred crossbred steers (initial body weight [BW] = 359.4 kg) were used to 

determine the effects of degraded intake protein (DIP) concentration in diets containing 

10% of the dry matter (DM) as sorghum wet distiller’s grains plus solubles (SWDG) on 

performance and carcass characteristics of finishing beef cattle fed steam-flaked corn-

based (SFC) diets.  Treatments consisted of a SFC-based control diet (without SWDG;  

Control;  formulated to contain 13.5% CP) and three diets with 10% SWDG.  Among the 

three SWDG diets, one diet (0 DIP) was formulated to have the same CP concentration as 

the Control diet (and therefore be potentially deficient in DIP), one diet had urea added to 

restore 50% of the difference in the DIP concentration between the 0 DIP diet and the 

Control diet (50 DIP), and one diet had urea added to restore 100% of the difference in 

the DIP concentration between the 0DIP diet and the Control diet (100 DIP).  A 

completely randomized block design was used with pen as the experimental unit (10 

pens/treatment).  The average final BW was 605.3, 596.2, 586.7, and 582.6 kg for the 

Control, 0DIP, 50DIP, and 100DIP diets, respectively, with the BW of steers fed the 

Control diet being greater than that of all SWDG diets (P = 0.03).  Cattle fed the Control 

diet also were greater than all SWDG diets in dry matter intake (DMI) for d 0 to 35, d 0 

to 70, and d 0 to 105 (P = 0.01, 0.04, and 0.09, respectively).  There was a linear decrease 

in DMI as level of DIP restored was increased for d 0 to 105 (P = 0.03) and d 0 to end (P 

= 0.02).  During the entire study, ADG was superior for cattle fed the Control diet 

compared with the mean of all three SWDG diets (P = 0.04), whether based on live BW 

or carcass-adjusted BW (P = 0.04).  As with DMI, there was a linear decrease in overall 
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ADG as level of DIP restored increased (P = 0.08).  For gain:feed ratio, the Control diet 

was greater (superior efficiency) than the average of all SWDG diets throughout the 

whole trial, both on a live BW basis (P = 0.05) and on a carcass-adjusted basis (P = 

0.07).  Not surprisingly, hot carcass weight was greater for cattle fed the Control diet 

compared with all SWDG diets (P = 0.03).  The carcasses of steers fed the Control diet 

had greater values for both fat thickness at the ¾ measure opposite the split lean surface 

between the 12th and 13th ribs (P = 0.02) and USDA yield grade (P = 0.01).  The 

percentage of carcasses that graded USDA choice did not differ (P >0.42) among 

treatments.  Because of conflicting data with other research involving wet distiller’s 

grain, it is recommended that further studies are needed to determine the cause for the 

poorer performance when feeding SWDG under the conditions of this experiment and the 

negative response to increasing DIP level. 
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CHAPTER I 

INTRODUCTION 

 

The yearly production capacity of ethanol in the United States is expected to be more 

than 6 billion gallons by the end of 2006 (Loy et al., 2005).  Up to 80% of the byproducts 

of this production are fed to ruminant animals (Lardy, 2003).  One of these byproducts, 

sorghum wet distiller’s grains plus solubles (SWDG) provides a source of both energy 

and crude protein, in finishing diets for beef cattle.  Sorghum wet distiller’s grains plus 

solubles contain large portions of undegraded intake protein (UIP) compared with other 

feedstuffs (50% UIP;  Tjardes and Wright, 2002).  The most frequently fed processed 

grain in feedlot diets in the High Plains region is steam-flaked corn (SFC).  Because SFC 

is such a readily available source of starch, it is quickly and comprehensively fermented 

in the rumen.  This process results in high microbial protein production, resulting in an 

increased supply of degraded intake protein (DIP) being needed to maintain microbial 

synthesis.  Thus, in diets containing SWDG substituted for SFC, UIP is increased at the 

expense of DIP.  This exchange of UIP for DIP might result in decreased performance of 

the animal.  The objective of this research was to determine whether additional DIP, 

added in the form of urea, would compensate for the potentially negative effects of 

increasing levels of SWDG in the diet on animal performance. 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Production of Distiller’s Grain 

“Distiller’s grain is an important co-product of dry mill ethanol production,” 

(American Coalition of Ethanol, 2004a). “The demand for ethanol and corn sweeteners is 

on the rise and is predicted to increase in the future” (Lodge et al., 1997b).  Because of 

this demand for ethanol, there will be large supplies of coproducts to be used in the 

livestock industry.  In fact, Lardy (2003) stated that 3.2 metric tons of dried distiller’s 

grains (DDG) alone are produced annually in the United States, 80% of which is fed to 

ruminant animals. 

One reason that wet distiller’s grains are so useful to the ethanol and livestock 

industries is because a wide variety in type and quality of grains can be used (Stock et al., 

1999).  In the study reported herein, sorghum distiller’s grain was used.  Another reason 

wet distiller’s grains are economically viable is that they are more energy efficient to 

produce than DDG (Larson et al., 1993).  Because they are more economical to produce, 

they may increase the profitability of any feedlot diet when fed to replace more expensive 

ingredients (Vander Pol et al., 2005c). 

The dry mill ethanol production process uses only the starch portion of the 

feedstock, so protein, fat, minerals, and vitamins are concentrated into distiller’s grain.  

There are eight steps in the dry mill process:  milling, liquefaction, saccharification, 

fermentation, distillation, dehydration, denaturing, and capturing the coproducts 

(American Coalition of Ethanol, 2004b).  The first step, milling, is when the grain is 
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ground into a powder-like meal.  Liquefaction, the next step, involves mixing of water 

and the enzyme alpha-amylase with the meal.  This mixture is heated to liquefy the 

starch, which is referred to as mash.  The third step is saccharification, which is when the 

mash is cooled, and a secondary enzyme is added to convert starch to dextrose 

(fermentable sugars).  The mash is then combined with yeast, and fermentation begins.  

The coproducts of this fermentation step are ethanol and carbon dioxide (CO2).  

Distillation, the fifth step, is the removal of alcohol from the mash.  At this point, the 

ethanol is approximately 96% pure (192 proof).  The sixth step is dehydration, which is 

the removal of water from alcohol, resulting in alcohol that is pure (200 proof).  The final 

step, denaturing, makes alcohol unfit for human consumption by the addition of gasoline.  

Two coproducts from this process, CO2 and DG, are sold commercially.  Distiller’s grain 

is sold wet or dry to the livestock industry (American Coalition of Ethanol, 2004a).  The 

difference between wet distiller’s grain (WDG) and wet distiller’s grain plus solubles 

(WDGS), the latter being used in the experiment reported herein, is the addition of thin 

stillage.  Thin stillage is a coproduct of the fifth step (distillation) of the ethanol 

production process, which is then added back to WDG at the end of the process to form 

WDGS. 

 

Nutrient Composition and Consistency 

Based on current standards of ethanol production, distiller’s grains contain 300% 

more fiber, oil, protein, and phosphorus (P) than the original grain (Erickson and 

Klopfenstein, 2005). Although the results of several studies agree that the nutrient content 

of DG may vary from plant to plant, Lardy (2003) published the following data for 
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WDG:  dry matter (DM) = 25 to 35%;  net energy for maintenance (NEm) = 1.98 to 2.43 

Mcal/kg;  net energy for growth (NEg) = 1.54 to 1.76 Mcal/kg;  crude protein (CP) = 30 

to 35%;  degraded intake protein (DIP) = 45 to 53% of CP;  undegraded intake protein 

(UIP) = 47 to 57% of CP;  fat = 8 to 12%;  calcium (Ca) = 0.02 to 0.03%;  P = 0.5 to 

0.8%;  potassium (K) = 0.5 to 1.0%;  and sulfur (S) = 0.46 to 0.70%.  For sorghum WDG 

specifically, as reported by Akayezu et al. (1998), DM, starch, CP, ether extract, neutral 

detergent fiber (NDF), and ash content were 23.5, 10.2, 31.6, 11.3, 45.4, and 2.5%, 

respectively. 

Ethanol coproducts contain elevated concentrations of minerals, especially K, P, 

and S (Lardy, 2003).  These concentrations are usually high enough that supplemental P, 

K, and S may not be needed in the diet.  In fact, supplemental Ca likely needs to be 

increased to accommodate a desired Ca-to-P ratio of 2:1.  High concentrations of P in the 

diet result in high concentrations of P in the manure, which can lead to problems with 

land nutrient management.  Manure from cattle fed DG may need to be spread over a 

greater area than manure from cattle that are not fed DG (Lardy, 2003). 

Because of high S concentrations in DG, feeding DG in areas where the water has 

a high sulfate concentration is a concern, and polioencephalomalacia (PEM) may be a 

problem (Lardy, 2003).  Polioencephalomalacia is a neurological disease in ruminants 

(Gould, 1998) that can result from excessive S in the diet and/or water.  Cases of PEM 

have been linked to high molasses-urea feedlot diets because molasses can have high 

concentrations of S.  Feeders may be forced to feed lower concentrations of S or greater 

concentrations of copper (Cu) and thiamine to offset this problem (Lardy, 2003;  Gould, 

1998). 
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As previously stated by Lardy (2003), the composition of DG varies among 

ethanol production facilities.  Type of grain fermented also can increase variation (Lodge 

et al., 2006).  The greatest variation seems to be with CP, NDF, and ether extract 

(Akayezu et al., 1998).  Al-Suwaiegh et al. (2002) reported that the chemical composition 

of corn and sorghum DG was similar and that feeding DG from these two grain sources 

resulted in similar performance in beef and dairy cattle. 

Another significant source of variation in DG is particle size (Akayezu et al., 

1998), which most often affects CP and NDF concentrations.  Akayezu et al. (1998) 

conducted an experiment with corn DG in which 45.4-kg samples of DDG and DDG plus 

solubles (DDGS) from a commercial ethanol plant were evaluated for chemical 

components.  The DDG contained 26% CP and 58% NDF.  The DDGS contained 29.5% 

CP and 40.5% NDF.  The DDG that passed through a 500-µm screen contained 38% CP 

and 43% NDF, whereas the larger particle size fractions contained 16 to 25% CP and 58 

to 71% NDF.  With DDGS, the portion of the sample that went through the 500-µm 

screen contained 35% CP and 30% NDF.  The larger particle size fractions contained 17 

to 20% CP and 58 to 62% NDF.  Based on the results of this research, it is advisable to be 

cautious in the handling of DG because improper handling might cause particle 

separation and in turn substantial variation in the nutrient content of the DG (Akayezu et 

al., 1998). 

 

Protein Quality 

The single largest factor affecting protein quality of distiller’s grains is heat 

damage that occurs during the distillation process (Akayezu et al., 1998).  This damage 
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varies greatly from plant to plant, and it occurs because in ethanol production, heat is 

used to gelatinize the starch before it is degraded and fermented.  Although there is 

evidence suggesting that some heating might actually improve the efficiency of protein 

by ruminants, excessive heating can render protein biologically unavailable to the animal 

or at least decrease the efficiency with which it is used.  The exact temperature at which 

heating becomes detrimental has yet to be established (Akayezu et al., 1998). 

To assess protein quality concerns, there has been increased focus on using acid 

detergent insoluble nitrogen (ADIN) and color as indicators of protein quality in DG.  

Nakamura et al. (1994) conducted an experiment to test N digestibility with seven 

batches of DG from different distilleries.  Twenty-four Finnsheep x Suffolk wethers 

where assigned to one of eight treatments, with three lambs per treatment. Fecal samples 

where collected daily.  Based on analysis of dietary and fecal concentrations of ADIN, it 

was determined that ADIN in the various sources of DG was digestible and, in turn, the 

authors suggested that ADIN cannot be used as an indicator of protein heat damage in 

DG (Nakamura et al., 1994). 

Akayezu et al. (1998) referenced a study by Hardy (1998), in which lightness 

values were assigned to samples of DG as a means of evaluating heat damage and protein 

quality.  Values varying from 39.8 (darkest) to 59.1 (lightest) were noted among the 

samples, but the correlation between lightness and digestible protein concentration was 

low.  Despite the fact these results apply mainly to DDG and that the correlation was low, 

it may still be advisable to have DG evaluated for ADIN concentrations when it has a 

very dark color (Akayezu et al., 1998). 
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Distiller’s grains can be used to provide supplemental escape protein to grazing 

cattle (Donaldson et al., 1991).  Akayezu et al. (1998) and Klopfenstein and Adams 

(2005) stated that DG usually has a high post-ruminal (escape) protein content. 

 

Degraded Intake Protein (DIP) 

“Distiller’s grains are a good source of protein and other nutrients in ruminant 

diets” (Akayezu et al., 1998).  Distiller’s grains have large amounts of both DIP and UIP.  

When microbial protein supply is inadequate to meet requirements, sources of UIP are 

required by a ruminant in digestible and readily absorbed forms.  Sorghum distiller’s 

grains plus solubles (SDGS) is an adequate source of UIP (Lardy, 2003).  According to 

Tjardes and Wright (2002) corn DG contains 50% UIP and 50% DIP. 

Degraded intake protein may be required at greater concentrations when fed in 

conjunction with steam-flaked corn-based diets (Cooper et al., 2002).  Cooper et al. 

(2002) defined DIP as the fraction of CP available to be digested by ruminal microbes.  

The extent of protein degradation in the rumen depends on the availability of nitrogen 

(Griswold et al., 2003).  In most high-concentrate feedlot diets, DIP is available as either 

true protein or non-protein nitrogen (NPN).  Having less than the required amount of DIP 

may cause a decrease in bacterial CP flow out of the rumen, which can cause a deficiency 

in metabolizable protein (MP) supply to the animal.  The dietary concentration of DIP is 

directly related (r² = 0.89) to microbial N flow from the rumen to the intestines (Zinn and 

Shen, 1998).  A decrease in DIP concentration also may lead to a decrease in energy yield 

from carbohydrate fermentation, which would cause a decrease in volatile fatty acid 
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(VFA) and total energy available to the animal.  Thus, as a result of the combined effects 

of these factors, a DIP deficiency can lead to decreased performance by ruminants. 

Vander Pol et al. (2005b) used 58 yearling heifers in a completely randomized 2 x 

2 factorial arrangement to determine the effects of feedlot diets containing DDG 

supplemented with DIP on feedlot performance and carcass characteristics.  Diets 

included 10 or 20% DDG replacing corn, with or without 0.80 or 0.63% urea.  All diets 

were formulated to have positive MP balances.  Heifers were fed for 100 d using Calan 

gates and were implanted with Revalor-H on d 26.  Blood samples were taken for blood 

urea nitrogen (BUN) analysis on d 28, 72, and 100.  No significant differences were 

observed for any interaction on any performance or carcass measurements;  however, 

heifers receiving urea had significantly higher BUN concentrations (P = 0.05) than did 

heifers receiving no urea.  In addition, heifers receiving 20% DDG had greater BUN 

concentrations (P = 0.05) than those receiving 10% DDG.  Moreover, all heifers had 

significantly higher BUN concentrations (P = 0.05) as days on feed (DOF) increased.  

These data seems to lead to the conclusion that diets with excess MP that are deficient in 

DIP can still maintain performance. 

Cooper et al. (2002) determined the DIP requirements of feedlot cattle feed 

steam-flaked corn-based diets.  These authors used 264 crossbred yearling steers in a 

completely randomized design (CRD).  Steers where weighed and placed in 24 pens with 

11 steers per pen.  Pen allotment was such that average initial weights of steers in the 

pens were similar.  Pens where assigned randomly to one of six dietary treatments, which 

consisted of adding 0, 0.4, 0.8, 1.2, 1.6, or 2.0% urea, on a DM basis, to increase the DIP 

concentration.  Steam-flaked corn used was processed to a bulk density of 373 g/L.  Dry 
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matter intake (DMI;  P = .05) and average daily gain (ADG;  P< 0.001) responded 

quadratically to increasing DIP, with a breakpoint at 7.1% dietary DIP or 0.8% urea on a 

DM basis. 

Cooper et al. (2002) conducted a second experiment to determine the effects of 

corn processing on DIP requirements of feedlot cattle.  In this experiment, 90 crossbred 

steers were used in a CRD with a 3 × 5 factorial treatment structure.  Steers were allotted 

randomly to dry-rolled corn, high-moisture corn, or steam-flaked corn diets.  Within each 

processing method, 0, 0.5, 1.0, 1.5, or 2.0% urea, on a DM basis, was added.  The steers 

where feed individually using Calan gates.  Processing method × dietary DIP level 

interactions were detected (P < 0.01).  The DMI (P = 0.08) and ADG (P = 0.03) for dry-

rolled corn increased linearly with increasing DIP, and it was determined that DIP 

requirements were meet by the lowest concentration of added DIP (6.3%).  For high 

moisture corn the level of maximum feed efficiency was predicted to be 10% dietary 

DIP, whereas for the steam-flaked corn-based diet the predicted maximal efficiency 

occurred at 9.5% dietary DIP.  At the end of these experiments, it was determined that the 

required DIP concentration for steam-flaked corn diets ranged between 7.1 and 9.5% 

dietary DM with an average of 8.3%.  Results reported by Block et al. (2005) in a similar 

experiment agreed closely with the Cooper et al. (2002) findings, reporting an average 

DIP requirement for feedlot steers of 9.4% (DM basis) with steam-flaked corn-based 

diets.. 

One concern associated with adding urea to adjust the dietary DIP concentration 

is the release from the animal of excess N into the environment.  Thirty to 77% of dietary 

N is recycled through the gastrointestinal tract (GIT), and the rest is released through 
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urine (Archibeque et al., 2001).  The extent to which this N loss is detrimental to the 

environment has yet to be fully determined, but public concerns about nutrients excreted 

into the environment by livestock are growing. 

 

Feeding Value 

Larson et al. (1993) conducted both a yearling steer finishing trial and a calf 

finishing trial to determine the feeding value of WDGS.  The yearling steer finishing trial 

was replicated over two years.  Eighty crossbred yearling steers were used in both years, 

and steers were randomly assigned to eight pens.  Pens were randomly assigned to one of 

four treatments.  The treatments included a control and WDGS fed at 5.2, 12.6, and 

40.0% of dietary DM.  Diets were formulated to have no less than 12% CP, 0.7% Ca, 

0.35% P, and 0.7% K.  The lowest concentration of added WDGS replaced all the 

soybean meal (SBM) in the control diet, the median concentration of WDGS replaced the 

SBM and urea in the control diet, and the high concentration of WDGS replaced all the 

SBM, urea, and a portion of the corn in the diet.  Results indicated there were no 

interactions between treatment and year of the study, so the data were pooled across 

years.  During the first 45 d of the experiment, as the concentration of WDGS fed 

increased from 0 to 40%, DMI was affected both linearly and quadratically.  The cattle 

fed 5.2 and 12.6% WDGS consumed more DM than cattle fed the control diet or the 40% 

WDGS diet.  This increase in DMI by cattle fed WDGS also was confirmed by Vander 

Pol et al. (2005a).  Average daily gain and feed efficiency were not significantly affected 

by WDGS level in the Larson et al. (1993) study, and for the overall trial period, as the 

level of WDGS fed increased, DMI decreased and ADG increased.  Cattle became 
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increasingly more feed efficient as WDGS levels increased.  The dietary NEg ranged 

from 1.21 Mcal/kg for the control to 1.48 Mcal/kg for the 40% WDGS diet.  Carcass 

performance was not affected by varying concentrations of WDGS. 

In the calf finishing trial of Larson et al. (1993), 80 crossbred calves were used, 

and the treatments and experimental conditions were the same as for the yearling trial.  

The one exception was that SBM was used as the protein supplement instead of the 50:50 

mixture of SBM and urea.  Similar to the yearling experiment, no interactions were 

detected between treatment and study year, so data were pooled.  As the level of WDG 

increased from 0 to 40% of the dietary DM, DMI decreased and ADG increased;  

therefore, feed efficiency was improved compared with the control cattle.  Estimated NEg 

concentration of the diet increased from 1.34 Mcal/kg for the control cattle to 1.53 

Mcal/kg for the high WDGS diet.  No effects of treatment were detected for carcass 

measurements, but the cattle fed increasing concentrations of WDGS had higher USDA 

quality grades than the control cattle, but this result is not statistically significant (Larson 

et al., 1993). 

Larson et al. (1993) proposed that improved performance with increasing WDGS 

concentration in the diet was likely a result of increased energy utilization.  This 

increased energy utilization might have been caused by a variety of factors.  First, 

because WDG contains three times more fat than corn, and fat contains three times more 

NEg than corn, this would account for a boost in energy utilization.  Second, ethanol is 

prevalent in WDG.  Ethanol is quickly absorbed in the rumen and used for energy or 

lipogenesis.  Third, WDG is low in starch content and high in corn fiber.  Increased 

starch has been associated with an increased incidence of subacute acidosis.  Acidosis can 
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decrease ADG, feed efficiency, and nutrient absorption, and decreasing acidosis is often 

noted by an increase in feed intake.  Because corn fiber has been established as being 

highly digestible and WDG is low in starch, WDG might decrease the likelihood of an 

acidodic episode. 

Ham et al. (1994) conducted five trials to estimate the feeding value of both WDG 

and DDG.  The first was a growing trial that used 60 crossbred steers.  Each of the steers 

were assigned randomly and individually fed one of five protein-supplemented diets.  

The diets were supplemented with WDGS and DDGS in a low, medium, and high ADIN 

forms.  A urea-supplemented diet served as the control.  Diets were formulated to contain 

11.5% CP, 0.5% Ca, 0.3% P, and 0.6% K.  Each distiller’s coproduct supplement was 

combined with a urea-ground corn supplement to provide increasing dietary protein 

concentrations to the steers (24, 34, 43, and 52% of supplemental protein).  Twelve steers 

were on the control diet, and 12 steers were on each of the DG diets.  Thus, three steers 

were on each protein level from the original DG protein source.  The results indicated 

that the urea control gained the least, and the WDG cattle had numerically higher protein 

efficiency values than those fed DDGS, but differences were not statistically significant.  

Ham et al. (1994) also found that neither protein efficiency nor escape protein was 

correlated to ADIN, thereby suggesting, as stated previously, that ADIN is not a good 

indicator of protein quality with DG. 

Ham et al. (1994) also conducted a finishing trial that involved 160 crossbred 

yearling steers that were fed for 99 d.  Steers were blocked by body weight and assigned 

randomly to one of five treatments.  The diets consisted of a dry-rolled corn control and 

then four treatment diets in which 40% of dry-rolled corn was replaced with WDG or 
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DDGS of low, medium, or high ADIN content.  Diets were balanced to contain 12% CP, 

0.7% Ca, 0.35% P, and 0.7% K.  Results indicated that cattle fed either WDG or DDG 

gained faster and more efficiently than cattle fed the dry-rolled corn control diet.  Cattle 

fed WDG consumed less feed, on a DM basis than cattle on a DDGS diet, so in turn they 

were more efficient.  Level of ADIN did not affect cattle performance when DDGS was 

used as the primary source of protein.  Carcass measurements were not affected by 

treatment.  Ham et al. (1994) found that WDG contains 39% more NEg, and DDGS 

contains 21% more NEg than dry-rolled corn. 

In a third trial to determine the effects of ethanol on performance in lambs, Ham 

et al. (1994) used 42 wethers that were blocked by weight and then assigned randomly to 

one of three treatments within block.  The treatments were 0, 5, or 10% ethanol (DM 

basis) replacing dry-rolled corn.  Results indicated that as ethanol replaced dry-rolled 

corn, no linear or quadratic effects were discovered for either ADG or DMI;  however, 

feed efficiency was less as ethanol content of the diet increased.  In two additional 

metabolism trials, Ham et al. (1994) found that WDG contained similar concentrations of 

NDF, fat, CP, ash, and starch as were noted in a previous section. 

Ham et al. (1994) proposed the same general reasons as Larson et al. (1993) for 

the increased performance when DG was fed, with two notable exceptions.  First, it was 

noticed with the addition of thin stillage or distiller’s solubles to DG, there may be 

decrease in ruminal pH.  A lower pH can decrease protozoal populations.  Secondly, the 

increased moisture content of WDG may lead to improved efficiency.  Ham et al. (1994) 

noted that increased moisture decreases DMI and rate of passage through the rumen, 

which in turn could improve feed efficiency. 
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Under the premise stated by Larson et al. (1993) that “Distiller’s grains are a good 

source of protein and energy in cattle diets,” Lodge et al. (1997a) set out to determine the 

feeding value of distiller’s coproducts.  Two trials were performed.  The first was a 

finishing trial that used 160 crossbred steers.  The steers where blocked by body weight 

and assigned randomly to one of four treatments.  The treatments were a dry-rolled corn 

control, sorghum wet distiller’s grains (SWDG), sorghum wet distiller’s grains plus 

solubles (SWDGS), and sorghum dried distiller’s grain plus solubles (SDDGS), with the 

coproducts fed at 40% of the DM.  The diets where balanced to contain 13% CP, 0.7% 

Ca, 0.3% P, and 0.65% K.  There were no differences observed among treatments for 

ADG or DMI.  Feed efficiency was least for SDDGS and similar for SWDG, SWDGS, 

and dry-rolled corn.  No differences were noted in carcass measurements among 

treatments.  The NEg concentration was least for SDDGS.  The SWDG, SWDGS, and 

SWDDGS contained 96, 102, and 80% the NEg of corn, respectively (Lodge et al. 

1997a). 

In a second experiment, Lodge et al. (1997a) used 16 crossbred wether lambs to 

determine the digestibility of the corn and sorghum distiller’s coproducts.  Lambs were 

blocked by body weight and assigned randomly to one of four treatments.  The treatments 

consisted of corn wet distiller’s grains (CWDG), SWDG, SDDGS, and corn dried 

distiller’s grains plus solubles (CDDGS).  All diets contained 80% distiller’s coproducts 

and were fed at 3% of body weight once daily.  Results for this study were as follows:  

apparent OM, apparent N, and true N digestibilities were greatest for WDG and least for 

DDG;  and no differences in NDF digestibility were detected among treatments.  Lodge 

et al. (1997a) proposed the idea that the reason for the increase in NEg concentration 



 15

relative to corn was because DG caused a shift in organic matter digestion to the small 

intestine.  This could result in more efficient energy utilization, as it would decrease 

losses commonly associated with fermentation (Lodge et al. 1997a). 

Trenkle (1997a) performed an experiment to determine the feeding value of DG 

relative to corn grain.  Ninety-six crossbred yearling steers were blocked according to 

ultrasound data.  Six steers from these groups were assigned randomly to each of 24 pens.  

The four diets contained 1.07% urea, 20% WDG, 40% WDG, and 40% WDG that were 

fed DDG for 8 d and then shifted back to WDG.  Trenkle (1997a) reported that ADG 

increased for the 20% WDG diet over the 40% WDG diet, although the difference was 

not statistically significant.  There was a significant decrease in feed intake for the 40% 

WDG diet, and numerical decrease in feed intake for the 20% WDG diet.  Trenkle 

(1997a) reasoned that this decreased intake resulted from the increased moisture content 

of the WDG diets.  Feed efficiency was improved for DG diets compared with the urea 

control diet.  As for the cattle on the 40% WDG diet that were shifted from WDG to 

DDG and back again, they did not consume as much DM or gain as well as did those fed 

the standard 40% WDG diet. 

In another study, Trenkle (1997b) evaluated the effects of replacing corn and urea 

with DG.  One hundred forty-four yearling heifers were used, with six heifers  assigned 

randomly from the weight-dependent groups to each of 24 pens.  The pens were sorted 

randomly to six treatments, which included a 1.07% urea diet, a 10.0% soybean meal 

diet, a 6.5% condensed distiller’s solubles (CDS) diet, a 16.0% WDG diet, a 28.0% WDG 

diet, and a 40.0% WDG diet.  The SBM diet increased ADG by 14% and improved feed 

efficiency by 9% compared with the urea diet.  The CDS diet increased ADG by 5% and 
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improved feed efficiency by 4% compared with the urea control.  Feeding the 16% WDG 

resulted in a 20% increase in ADG and a 13% improvement in feed efficiency.  The two 

higher WDG diets had similar increases in ADG and feed efficiency to the 16% WDG 

diet.  Trenkle (1997b) concluded that WDG contains 1.5 times the energy of corn, a 

conclusion that agrees with the previous discussed results of Larson et al. (1993). 

Al-Suwaiegh et al. (2002) compared CDG and SDG.  These authors used 60 Red 

Angus yearling steers in randomized complete block design.  The yearling steers were 

allotted randomly to three finishing diets, which consisted of a dry-rolled corn control, 

WCDG replacing 30% (DM basis) of dry-rolled corn, and WSDG replacing 30% (DM 

basis) of dry-rolled corn.  The diets were formulated to contain at least 13% CP, 6.8% 

DIP, 0.7% Ca, 0.3% P, and 0.6% K.  Steers were fed individually using Calan electronic 

gates.  Results indicated that DMI with either source of DG was similar to that by cattle 

fed the control diet.  Between DG sources, DMI was slightly greater for the WSDG diet.  

Steers fed WSDG diet did not gain more than steers fed WCDG, but they also were not 

less efficient.  Carcass measurements did not differ among treatments.  Al-Suwaiegh et 

al. (2002) determined that DG from either grain source resulted in similar efficiency for 

the production of beef cattle. 

Drouillard et al. (2005) conducted a feedlot trial to determine the optimum level at 

which to feed SWDGS in finishing diets containing steam-flaked corn.  The trial, which 

used 637 yearling heifers, included diets with 0, 8, 16, 24, 32, or 40% SWDGS.  During 

the 58-d finishing period, DMI increased linearly (P < 0.01) with level of SWDGS fed. 

Gain efficiency showed a quadratic response (P < 0.01) to addition of SWDGS.  

Longissimus muscle area and percentage of carcasses with USDA Yield Grade 1 
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decreased, whereas USDA Yield Grade 3 carcasses increased, with increasing level of 

SWDGS (P < 0.05).  Grid-based carcass values were not significantly affected by 

treatments.  Based on these data, Drouillard et al. (2005) determined that the most 

appropriate level for feeding SWDGS was between 8 and 16% on a DM basis. 

 

Conclusions from Literature 

There is a substantial amount of literature suggesting that distiller’s grains in any 

form, provide an adequate source of both protein and energy for feedlot beef cattle diets.  

Larson et al. (1993) and Ham et al. (1994) stated that wet distiller’s grains increase 

energy utilization as a result of their increased fat and water content, by the fact that they 

contain ethanol, by their potential to change ruminal microbial populations, and by the 

possibility that they decrease the incidence of acidosis.  The decreased incidence of 

acidosis may play the most important role in improving feed value, especially when 

distiller’s grains are fed in conjunction with processed corn diets.  In addition, although 

the degraded intake protein requirement of ruminants are well established, the effects of 

adding wet distiller’s grains to the diet on the supply of DIP and the resulting effects on 

feeding value of steam-flaked corn-based diets have yet to be evaluated. 
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CHAPTER III 
 

MATERIALS AND METHODS 
 
 

Cattle and Processing 
 

On October 12, 2005, 229 steers (primarily British x British and British x 

Continental breeding) were purchased by Cactus Feeders, Ltd.  The cattle were delivered 

from Kenna, NM to the Texas Tech University Burnett Center at New Deal, TX 

(approximately 246 km), arriving at approximately 1300 in four loads (average arrival 

BW = 359.4 kg).  All cattle were taken through the Burnett Center working facilities 

(C&S single animal squeeze chute [Cummings and Sons, Inc., Garden City, KS] set on 

four Rice Lake Weighing Systems [Rice Lake, WI] load cells) for initial processing.  

Processing consisted of each animal receiving a numbered ear tag, recording the 

individual BW, vaccination with IBR, BVD, PI3, RSV modified live virus vaccine 

(Titanium 5, Agri-Labs, Des Moines, IA) and Clostridium chauvoei, septicum, novyi, 

sordelli, and perfringens Types C and D bacterin toxoid (Vision 7 with SPUR, Intervet, 

Millsboro DE), injection with Vitamin A/D3 solution (500,000 IU vitamin A and 75,000 

IU vitamin D3;  Phoenix Pharmaceuticals, St. Joseph, MO), and treatment with 35 mL of 

moxidectin down the back line for removal of internal and external parasites (Cydectin;  

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

in Burnett Center soil-surfaced pens (16 to 17 per pen), where they were fed a 65% 

concentrate diet (approximately 2.9 kg/steer, as-fed basis) and sudangrass hay 

(approximately 1.4 kg/steer, as-fed basis), and allowed free-choice access to water. 
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Treatment and Pen Assignment 

On October 19, 2005, all cattle were weighed to obtain a BW for purposes of 

sorting to blocks and treatments.  Weighing started at approximately 0830 and was 

complete by approximately 1030.  Cattle were returned to the same Burnett Center soil 

surface pens in which they had been housed since arrival on October 12, 2005, and their 

diet was switched from 65% to 75% concentrate.  To provide a relatively constant intake 

of NEg, the level of feeding was decreased to approximately 92% of the quantity fed the 

previous day.  The BW data measured on October 19, 2005 were entered into a 

spreadsheet and sorted by ascending BW.  Of the 229 steers available for the study, 19 

were deleted, which included small-framed or light BW cattle and cattle that had been 

treated or injured.  There also were 10 steers removed because of heavy BW, leaving 200 

steers for use in the experiment.  These 200 steers were to be assigned to four treatment 

groups, with 10 pens of five steers each per treatment.  The ear tag and corresponding 

BW data and coat color code for the 200 selected steers were then sorted in ascending 

order by BW.  The first 20 steers of lightest BW were designated as Block 1, continuing 

through blocking groups of 20 steers to the 20 steers of heaviest BW, which were 

designated as Block 10.  Within each block, a sequence of four randomly selected 

integers numbered 1 through 4 were assigned to steers, starting with the lightest four 

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

continued until each of the 200 steers had been assigned a random number.  Within each 

group of four contiguous pens in a block, treatments were assigned randomly to pens by 

the use of 10 sets of four randomly selected integers, with the first pen in the block 
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assigned to the corresponding treatment code of the first randomly selected integer, 

continuing through the last pen in the block, which was assigned to the corresponding 

treatment code of the last of the four randomly selected integers.  Pen and treatment 

designations were recorded in the spreadsheet, which was then sorted by pen number and 

subsequently by ear tag number within pen. 

On October 25, 2005, all cattle were taken through the Burnett Center working 

facility to presort them into groups that represented three contiguous Burnett Center 

slotted-floor concrete pens.  Thus, the 229 steers were sorted 15/pen (three contiguous 

Burnett Center pens) into 14 pens (the 14th pen included 10 extra cattle) and one pen of 

19 extra cattle.  After sorting and movement to pens, the cattle were switched to an 85% 

concentrate diet; as described previously the new diet was fed at 92% of the previous 

day’s delivery to maintain a relatively constant NEg intake.  Because the sorting process 

was not completed until approximately 1015, the cattle were fed twice (50% of the total 

daily allotment at each feeding). 

On October 31, 2005, each pen of the cattle that had been presorted on October 

25, 2005 was brought through the Burnett Center working facilities, and steers were 

implanted in the right ear with Revalor S (Intervet), and sorted and moved to their 

assigned Burnett Center slotted-floor concrete pens.  The process started at approximately 

0815 and ended at approximately 1145.  Once moved to their new pens, the cattle were 

fed the same 85% concentrate diet they had been receiving.  On November 2, 2005 all 

cattle were switched to a 90% concentrate diet.  Feed was offered at approximately 97% 

of the previous day’s delivery of the 85% concentrate diet. 
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On November 8, 2005 the trial began.  All cattle were taken through the Burnett 

center facility to obtain an initial BW.  The process started at approximately 0700 and 

ended at approximately 0915.  After weighing the cattle they were promptly returned to 

their assigned Burnett center pens.  The cattle were started on the four treatment diets 

(described in a subsequent section).  Feed was delivered at 100% of the previous day’s 

delivery. 

 

Experimental Diets and Treatments 

Treatments consisted of a steam-flaked corn-based control diet (without sorghum 

wet distiller’s grains plus solubles [SWDG]; Control; formulated to contain 13.5% CP on 

a DM basis) and three diets with 10% (DM basis) SWDG.  Among the three SWDG 

diets, one diet (0 DIP) was formulated to have the same CP concentration as the Control 

diet (and therefore be potentially deficient in DIP), one diet had urea added to restore 

50% of the difference in the DIP concentration between the 0 DIP diet and the Control 

diet (50 DIP), and one diet had urea added to restore 100% of the difference in the DIP 

concentration between the 0DIP diet and the Control diet (100 DIP).  Trace minerals, 

vitamins, and Rumensin and Tylan (Elanco Animal Health, Indianapolis, IN) were added 

through a loose-meal premix (Table 2).  The entire SWDG was obtained from the 

Abgenoa Bioenergy ethanol production facility at Portales, NM and bagged in a plastic 

silage bag at time of arrival.  The SWDG was a composite (DM basis) of 63.4% sorghum 

wetcake (directly from the centrifuge), 6.4% thin stillage, and 30.2% corn DDG (DM 

basis). 
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Management, Feeding, and Weighing Procedures 

The Burnett Center operates on a modified “slick bunk” system.  Feed bunks for 

cattle on the experiment were visually appraised every morning between 0715 and 0730.  

An estimated weight of feed left in the bunk was determined at that time and recorded.  

After this, the amount of feed to be delivered to the pen for the day was suggested, 

prepared and delivered.  When a pen of cattle has not left feed at the time of bunk 

evaluation, the quantity of feed delivered was typically increased by 0.2 kg/steer. 

Cattle are fed once daily.  All ingredients used in the diets for the experiment, 

except for the SWDG, were first weighed and mixed in a 1.27-m³ capacity paddle mixer 

(Marion Mixers Inc., Marion, IA).  After mixing, the samples were carried via a drag 

conveyor to the Rotomix 84-8 mixer (mounted on a trailer and pulled by a tractor;  

(Rotomix, Dodge City, Kansas).  The quantity of SWDG that was needed was then added 

directly in the Rotomix 84-4 using a front-end loader (Bobcat 753, Ingersoll Rand Inc., 

West Fargo, ND) and allowed to mix for approximately 3 min. The feed was then 

delivered to the 10 pens on each treatment by means of the Rotomix 84-4.  The quantity 

of feed delivered was weighed and recorded (Rotomix 84-8 load cells and indicator, ± 

0.45kg). 

At the end of each weigh period, the feed bunks were swept and cleaned, and the 

corresponding orts were weighed (Ohaus electronic scale, ±0.045 kg; Ohaus, Pine Brook, 

NJ).  A sample of the orts taken from each pen was then dried for 24 h in a forced-air at 

100°C oven to determine the DM content.  The weights for DM determination were 

measured on an Ohaus electronic balance (± 0.1g).  The average DMI for each pen was 

calculated by subtracting the DM content of the uneaten feed at the end of the period 
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from the total amount of DM delivered throughout the entire period.  The corrected total 

of DM delivered to a pen for a given period of time was divided by the total number of 

days during the period to obtain an average DMI for each pen. 

Each pen of cattle were weighed every 35 d on a pen platform scale (± 2.27 kg). 

The accuracy of the scale was checked before each weigh day with 453.6 kg of certified 

weights (Texas Department of Agriculture).  Initial and final BW were recorded using the 

C&S single-animal chute and scale described previously mentioned.  This scale also was 

checked before each use with 453.6 kg of certified weights. 

Weather data during the period of the experiment are shown in Appendix Table 1.  

The weather station is located approximately 9.7 km west of the Burnett Center. 

 

Animal Health Problems and Treatments 

On November 14, 2005, Steer No. 98 was identified as not walking correctly on 

his right hind leg, suggesting a possible injury.  The steer was brought to the Burnett 

Center single animal chute and administered 8 mL of dexamethazone (Phoenix Scientific 

Inc., Saint Joseph, MO).  On November 23, 2005 the problem with Steer No. 98 was 

identified as a small abscess on his right stifle.  The abscess was lanced and flushed with 

water and hydrogen peroxide, after which the steer was administered (s.c.) 25 mL of 

long-acting oxytetracycline (LA-200,  Pfizer Animal Health, Exton, PA) and 20 mL of 

Penicillin G Benzathine and Penicillin Procaine G (150,000 units of each/mL;  Aspen 

Veterinary Resources, Kansas City, MO).  On November 25, 2005, the abscess on Steer 

No. 98 was reopened and flushed with water and hydrogen peroxide, after which he was 

given 15 mL of LA-200, 15 mL penicillin, and 8 mL Banamine (Schering-Plough Animal 
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Health, Union, NJ).  On November 30, 2005 the abscess was reopened and flushed again, 

and Steer No. 98 was given 25 mL of LA-200, 25 mL of Penicillin G Benzathine and 

Penicillin Procaine G, 35 mL of 20% sodium iodide(Pro-Labs, Saint Joseph, MO), 12 mL 

of B-complex (Phoenix Scientific Inc., Saint Joseph, MO), and three sulfamethazine 

boluses (Albon SR;  Pfizer).  Finally, on December 13, 2005, the abscess was reopened, 

flushed as before, and the steer was administered 20 mL of LA-200 and 20 mL of 

Penicillin G Benzathine and Penicillin Procaine G.  The following week, Steer No. 98 

was observed and considered free from infection in the abscessed area and healing 

properly.  No health problems or abnormalities were observed during the experiment. 

 

Feed Sampling and Chemical Composition 

Feed samples were taken directly from the Rotomix 84-8 mixer/delivery unit on a 

weekly basis.  To obtain the DM content, the samples were dried overnight in a forced air 

oven at 100° C.  At the end of the entire feeding period the samples were composited and 

ground in a Wiley mill to pass a 2-mm screen.  At this time ADF, CP, DM Ash, S, Ca, P 

and ether extract analyses were performed.  All analyses was performed in accordance 

with AOAC (1990) and Galyean (1997) with three exceptions:  1) the sample of SWDG 

used for ADF was not dried or ground before analyses;  2) an alternative procedure was 

used for ether extract;  and 3) the S content was determined by a commercial laboratory 

(SDK Laboratories, P.O. Box 886, Hutchinson, KS  67504-0886).  For ether extract, 

approximately 2 g of each sample were weighed in duplicate and placed in a 250-mL 

Erlenmeyer flask fitted with a ground-glass stopper.  One hundred milliliters of 

petroleum ether were added to the flask, and the stoppers were secured.  The flasks were 
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placed on an oscillating shaker (Environ-Shaker, Lab-Line Industries, Melrose Park, IL) 

for 2 h at 175 rpm.  The contents of the flasks were filtered using a gravity-flow funnel 

through previously dried (100°C oven for 24 h) filter paper (Whatman No 541;  

Whatman International Ltd., Kent, ME) and rinsed with petroleum ether.  The filter 

papers and samples were folded, allowed to air-dry until the ether was evaporated, and 

then placed in a 100°C oven for 24 h.  Finally, the filter paper and samples were removed 

from the oven and weighed.  The formula for calculating the percentage of ether extract 

was as follows:  (1-]{weight of dry filter paper and sample – dry filter paper weight}/ 

sample weight]) x 100.  Because of concern that water-soluble products in the feed might 

be filtered out by the ether extract procedure, samples of the diets (control, 0DIP, 50DIP, 

100DIP) were first mixed with 100 mL of warm water and filtered through Whatman No. 

541 paper before the ether extract procedure was conducted.  Dry weights were measured 

before and after this step, the percentage water soluble material was determined; this 

value was used to adjust the final percentage of ether extract for the loss of weight at 

water-soluble DM. 

 

Carcass Evaluation 

Based on BW and visual appraisal, blocks of cattle were shipped to the Cargill 

Beef slaughter facility in Plainview, TX.  Blocks were shipped when approximately 60% 

were visually appraised to have accumulated sufficient body fat to grade USDA Choice.  

On the morning of shipment, all cattle were individually weighed to obtain a final BW.  

Carcass characteristics were obtained by personnel of the Texas Tech University Meat 

Laboratory and included:  hot carcass weight (HCW), longissimus muscle area (LMA), 
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marbling score of the split lean surface between the 12th and 13th ribs, fat thickness at the 

¾ measure opposite the split lean surface between the 12th and 13th ribs, and USDA yield 

grade and quality grades. 

 

Statistical Analyses 

Data were analyzed as a randomized complete block design using the MIXED 

procedure of SAS (SAS Inst., Inc., Cary, NC).  Variables that were analyzed included 

BW, DMI, ADG, G:F, HCW, LMA, dressing percent (DP), fat thickness, USDA yield 

grade (YG), marbling score, and carcass-adjusted variables (determined by using carcass-

adjusted final BW, which was calculated by dividing HCW by the average DP across all 

treatments).  The model included the fixed effect of treatment and the random effect of 

block.  The GLIMMIX procedure of SAS was used to analyze the proportion of cattle in 

each pen grading USDA quality grade choice, with the same model as for performance 

data.  Pen was the experimental unit for all analyzes.  The following specific contrasts 

were used to test the treatment responses:  1) control vs. average of all SWDG diets;  2) 

linear effect of restored level of DIP;  and 3) quadratic effect of restored level of DIP. 



 27

CHAPTER IV 

RESULTS AND DISCUSSION 

 

Diet Analyses and Net Energy 

Chemical composition of the diets is shown in Table 3.  All analyses were in 

general agreement with expectations based on formulated values. The CP values were 

slightly lower than expected, with analyzed values of 12.95, 13.25, 14.01, and 14.68% for 

Control, 0DIP, 50DIP, and 100DIP, respectively.  The ADF content was greater in diets 

containing SWDG, reflecting the fact that SWDG contained 38.42% ADF (Table 3) and 

it replaced dietary ingredients like corn and cottonseed meal with much lower ADF 

contents.  Ether extract values were consistent among diets containing SWDG, with 

slightly lower values than the Control diet. 

As anticipated, NEm values calculated from performance data using NRC (1996) 

net energy equations were lower for all SWDG diets than for the Control diet (2.16, 2.12, 

2.12, and 2.15 Mcal/kg for Control, 0DIP, 50DIP, and 100DIP diets, respectively).  

Similarly, the calculated NEg concentrations were 1.48, 1.45, 1.45, and 1.47 Mcal/kg for 

Control, 0DIP, 50DIP and 100DIP diets, respectively.  Lardy (2003) reported similar 

values for NEm (1.98 to 2.43 Mcal/kg) and slightly higher values for NEg (1.54 to 1.76 

Mcal/kg). 

 

Dry Matter Intake 

The reported data for DMI are shown in Table 4.  Cattle fed the Control diet 

consumed more DM than the average of all SWDG diets for d 0 to 35, d 0 to 70, and d 0 
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to 105 (P = 0.01, 0.04, and 0.09, respectively).  Despite the fact that this numerical 

advantage in DMI for the Control diet continued throughout the entirety of the trial, it 

only tended to be significant for the overall feeding period (d 0 to end;  P = 0.14).  There 

also was a tendency for linear decrease in DMI as with increasing level of DIP restored 

for d 0 to 70 (P = 0.14), with significant linear effects for d 0 to 105 (P = 0.03) and d 0 to 

end (P = 0.02). 

Larson et al. (1993) and Vander Pol et al. (2005) found that DMI decreased as 

amount of WDG in the diet increased.  Moreover, Ham et al. (1994) noted that DMI was 

less by cattle feed WDG than for cattle fed DDG, suggesting that intake decreased as DM 

content of the diet decreased.  Trenkle (1997a) reported this same decrease in intake 

when feeding elevated amounts of WDG;  however, Lodge et al. (1997a) observed no 

significant change in DMI with feeding SWDG compared with a DRC control diet. In 

contrast to the present results, Drouillard et al. (2005) and Vander Pol et al. (2005) 

reported a linear increase in DMI as dietary level of distiller’s grain was increased.  In the 

present study, there was approximately a 10% decrease in DM content for the Control 

diet vs. the SWDG diets (Table 3), which perhaps was related to the decreased DMI 

noted with added SWDG, as the cattle would be required to consume more feed to keep 

DMI constant.  Nonetheless, the fact that others (e.g., Drouillard et al., 2005 and Vander 

Pol et al., 2005) have not observed negative effects of increased dietary moisture content 

on DMI by cattle fed wet distiller’s grains makes the role of lower dietary DM content 

uncertain. 
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Reasons for the linear decrease in DMI as the level of DIP restored increased are 

unclear.  This response was unexpected, and comparable data are not available in the 

literature. 

 

Average Daily Gain and Efficiency 

Results for BW, ADG, and G:F are shown in Table 4.  The average final BW of 

all steers was 605.3, 596.2, 586.7, and 582.6 kg for the Control, 0DIP, 50DIP, and 

100DIP diets, respectively, with the BW of steers fed the Control diet being greater than 

that of all SWDG diets (P = 0.03).  This advantage in BW for Control cattle also was 

significant (P = 0.03) when adjusted BW was calculated by dividing HCW by a constant 

dressing percent.  There was a tendency for a linear decrease in final BW as level of DIP 

restored was increased from 0 to 100DIP (P = 0.13).  During the entire study, ADG was 

superior for cattle fed the Control diet compared with the mean of all three SWDG diets 

(P = 0.04).  This statement remained true when ADG was calculated based on carcass-

adjusted BW. (P = 0.04).  As noted with DMI, there was a linear decrease in overall 

ADG as level of DIP restored increased (P = 0.08).  For G:F, the Control diet was 

numerically greater (superior efficiency) than the average of all SWDG diets throughout 

the entire trial, whether expressed on a live BW basis (P = 0.05) or on a carcass-adjusted 

basis (P = 0.07). 

Larson et al. (1993) found that both ADG and gain efficiency increased as level of 

WDG increased in DRC diets.  Ham et al. (1994) reported significantly greater ADG and 

improved feed efficiency for cattle fed DRC diets supplemented with either wet or dry 

DG.  Lodge et al. (1997a) noticed no differences in ADG, but reported improved 
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efficiency for cattle fed SWDG over those fed a basal DRC control diet.  Trenkle (1997a 

and b) showed that ADG was greater by cattle fed WDG compared with a DRC control 

diet.  Because these previous studies used diets based on DRC, it is difficult to compare 

their findings with the present results, which involved the feeding of diets containing 

SFC.  With this in mind, Drouillard et al. (2005) reported a quadratic response in G:F 

when adding SWDG to SFC-based diets, with a maximum response in G:F between 8 

and 16% SWDG (DM basis). 

Cooper et al. (2002) found that SFC-based diets may cause a need for greater 

amounts DIP to maintain performance.  Nonetheless, a need for greater DIP with SFC-

based diets is inconsistent with the findings of the present research, as performance was 

generally decreased as level of DIP restored increased in these SFC-based diets 

containing SWDG.  Research by Vander Pol (2005b) indicated that diets that contain 

sufficient metabolizable protein but are deficient in DIP may still be capable of providing 

enough protein to maintain performance.  Klopfenstein and Adams (2005), Lardy (2003) 

and Akayezu et al. (1998) all showed that WDG is a more than adequate source of UIP, 

and Lodge et al. (1997a) theorized that DG causes a shift in organic matter digestion to 

the small intestine, which may be more efficient because losses from fermentation are 

decreased.  It is possible that the MP balance remained fairly constant in all diets in the 

present study; therefore, the 0DIP and 50DIP diets may not necessarily have caused cattle 

to exhibit less ADG and lower G:F compared with the 100DIP diet.  The linear decrease 

in ADG and G:F with increasing DIP, however, is difficult to explain, and comparable 

data are not available in the literature. 
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The reason for inferior performance of the average of all SWDG diets to the 

Control diet is likely a combination of factors.  As previously stated, the higher moisture 

content of the SWDG diets might be involved.  These diets also contained larger 

percentages of ADF, which may have diluted the energy concentration of the diets.  The 

distiller’s grain diets also had numerically lower values for ether extract than did the 

control diet, which could have had a slight adverse effect on diluting energy 

concentrations.  Generally, one might expect these factors to result in greater DMI by 

cattle fed the SWDG diets, reflecting an effort by the cattle to compensate for dilution 

effects.  Why these factors might have worked in a manner opposite to the expected 

compensatory response is unclear and needs further study. 

 

Carcass Characteristics 

The findings from carcass traits are reported in Table 5.  As expected from BW 

and ADG data, the HCW was greater for cattle fed the Control diet compared with the 

mean of all SWDG diets (P = 0.03).  There was no difference in DP (P = 0.46).  The 

carcasses of steers fed the Control diet had greater values for both fat thickness at the ¾ 

measure opposite the split lean surface between the 12th and 13th ribs (P = 0.02) and 

USDA yield grade (P = 0.01), presumably reflecting the greater HCW of these cattle and 

a greater degree of physiological maturity at slaughter than for the lighter, slower gaining 

cattle fed the SWDG diets.  Despite these differences in external fat cover, the percentage 

of carcasses that graded USDA choice did not differ (P >0.42) among treatments. 

Larson et al. (1993) reported no differences among control and DG treatments for 

all carcass characteristics including fat thickness, and USDA yield and quality grades in a 
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yearling finishing trial.  In contrast, in their calf finishing experiment (Larson et al., 

1993), quality grade increased as level of WDG increased.  Ham et al. (1994) found 

similar results to the Larson et al. (1993) yearling finishing trial, whereas Trenkle (1997a) 

showed that lower levels of WDG (20%, DM basis) tended to have larger LMA and 

greater fat thickness than higher levels (40%, DM basis).  Cooper et al. (2002), much like 

Ham et al. (1994) and Larson et al. (1993) found no significant effects on carcass 

measurements.  Drouillard et al. (2005) reported that LMA and USDA yield grades 

decreased with the addition of SWDG to the diet, which was likely the result of improved 

DMI and ADG.  In the present experiment, the Control diet resulted in greater HCW, 

LMA, and fat thickness because it clearly outperformed the average of all SWDG diets in 

DMI and ADG. 

In conclusion, it is clear that under the conditions of this experiment, the steam-

flaked corn-based Control diet markedly outperformed the average of all SWDG diets in 

final BW, DMI, and ADG, but because of contradictory findings in other studies, more 

research is needed to determine the reason for the absence of a response when feeding 

SWDG and the negative reaction to increasing DIP level. 
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Table 4.1.  Ingredient composition (%, DM basis) of the experimental diets 
 
 DIP restored, %1 
   
Ingredient Control 0 50 100 
 
Steam-flaked corn 74.50 70.64 70.44 70.23 
 
Cottonseed hulls 4.98 5.00 5.00 5.00 
 
Alfalfa hay, ground 4.93 4.96 4.96 4.95 
 
Urea 1.00 0.68 0.89 1.09 
 
Cottonseed meal 5.19 - - - 
 
Fat 3.00 2.61 2.61 2.62 
 
Molasses 3.92 3.94 3.93 3.93 
 
SWDG2 - 9.67 9.68 9.67 
 
Supplement3 2.49 2.50 2.50 2.50 
 
1Degraded intake protein restored (by adding urea) relative to the Control diet (standard 
TTU Burnett Center 90% concentrate).  The Control, 0, 50, and 100% DIP restored diets 
had calculated DIP concentrations of 8.4, 7.2, 7.8, and 8.4% DIP (DM basis). 
 
2SWDG = sorghum wet distiller’s grain. 
 
3Composition of the supplement is shown in Table 2. 
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Table 4.2.  Composition of the supplement used in the experimental diets 
 
Ingredient % of DM 
 
Cottonseed meal 23.367 
Endox (antioxidant)1 0.500 
Limestone 42.105 
Dicalcium phosphate 1.036 
Potassium chloride 8.000 
Magnesium oxide 3.559 
Ammonium sulfate 6.667 
Salt 12.000 
Cobalt carbonate 0.002 
Copper sulfate 0.157 
Iron sulfate 0.133 
EDDI 0.003 
Manganese oxide 0.267 
Selenium premix, 0.2% Se 0.100 
Zinc sulfate 0.845 
Vitamin A, 1,000,000 IU/g2 0.008 
Vitamin E, 500 IU/g2 0.126 
Rumensin, 176.4 mg/kg2 0.675 
Tylan, 88.2 mg/kg2 0.450 
 
1Kemin Industries, Des Moines, IA. 
 
2Concentrations noted by ingredients are on a 90% DM basis. 
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Table 4.3.  Chemical composition (%, DM basis) of the experimental diets1 
 
 DIP restored, %2 
   

Ingredient Control 0 50 100 DG 
 ----------------------------- % ----------------------------- 
Dry matter 82.39 72.00 72.01 71.81 33.02 
Crude protein 12.95 13.25 14.01 14.68 41.26 
Acid detergent fiber 9.89 12.27 12.10 12.06 38.42 
Ether extract 5.93 5.67 5.65 5.59 8.16 
Calcium 0.61 0.53 0.53 0.54 0.12 
Phosphorus 0.30 0.26 0.25 0.27 0.52 
Ash 4.68 4.03 4.10 4.18 3.49 
Sulfur 0.22 0.25 0.23 0.23 0.61 
 
1All values except dry matter are expressed as on a dry matter basis.  Values were 
determined from a composite of samples taken from feed bunks and from the stockpile 
wet sorghum distiller’s grains (DG) on each week of the experiment. 
 
2Degraded intake protein restored (by adding urea) relative to the Control diet (standard 
TTU Burnett Center 90% concentrate).  The Control, 0, 50, and 100% DIP restored diets 
had calculated DIP concentrations of 8.4, 7.2, 7.8, and 8.4% DIP (DM basis). 
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Table 4.4.  Effects of degraded intake protein concentration in wet sorghum distiller’s grains plus solubles on body weight and 
performance by finishing beef steers 
 
 DIP restored, %1 Contrast2 
     

Item Control 0 50 100 SE3 Con L Q 
 
Initial BW, kg 370.4 368.7 367.7 369.1 9.41 0.25 0.85 0.48 
Final BW, kg 605.3 596.2 586.7 582.6 10.21 0.03 0.13 0.73 
Adjusted Final BW, kg 607.4 593.2 588.6 582.1 11.36 0.03 0.29 0.92 
 
Average daily gain, kg         
 d 0 to 35 2.38 2.26 2.19 2.23 0.074 0.03 0.74 0.51 
 d 0 to 70 2.16 2.06 1.97 2.01 0.063 0.03 0.51 0.37 
 d 0 to 105 1.94 1.86 1.78 1.78 0.059 0.03 0.23 0.58
 d 0 to end 1.72 1.68 1.61 1.57 0.053 0.04 0.08 0.86 
 Adjusted d 0 to endd 1.74 1.66 1.63 1.56 0.063 0.04 0.21 0.77 
 
Daily DM intake, kg         
 d 0 to 35 9.26 9.07 8.92 8.96 0.155 0.01 0.37 0.37 
 d 0 to 70 9.42 9.25 9.04 8.97 0.198 0.04 0.14 0.66 
 d 0 to 105 9.37 9.32 9.05 8.87 0.219 0.09 0.03 0.79
 d 0 to end 9.24 9.25 8.99 8.72 0.224 0.14 0.02 0.99 
 
Gain:feed         
 d 0 to 35 0.258 0.248 0.246 0.249 0.0056 0.11 0.96 0.66 
 d 0 to 70 0.229 0.222 0.218 0.224 0.0036 0.06 0.75 0.25 
 d 0 to 105 0.207 0.199 0.197 0.200 0.0033 0.04 0.85 0.44 
 d 0 to end 0.186 0.181 0.179 0.180 0.0028 0.05 0.67 0.69 
 Adjusted d 0 to end 0.188 0.179 0.180 0.179 0.0040 0.07 0.96 0.78 
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1Degraded intake protein restored (by adding urea) relative to the Control diet (standard TTU Burnett Center 90% concentrate).  The 
Control, 0, 50, and 100% DIP restored diets had calculated DIP concentrations of 8.4, 7.2, 7.8, and 8.4% DIP (DM basis). 
 
2Observed significance level for orthogonal contrasts:  Con = control vs. the average of all wet sorghum distiller’s grain diets;  L = 
linear effect of level of DIP restored;  and Q = quadratic effect of level of DIP restored. 
 
3Pooled standard error of the means, n = 10 pens per treatment. 
 
4Adjusted final BW was calculated as hot carcass weight divided by the average dress of 0.6205.  Carcass-adjusted ADG was 
calculated as adjusted final BW minus initial BW divided by days on feed.  Carcass-adjusted gain:feed was the ratio of carcass-
adjusted ADG to daily DM intake.  Days on feed varied from 120 (8 pens) to 132 (12 pens) and 146 (20 pens). 
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Table 4.5.  Effects of degraded intake protein concentration in wet sorghum distiller’s grains plus solubles on carcass characteristics of 
finishing beef steers 
 
 DIP restored, %1 Contrast2 
     

Item Control 0 50 100 SE3 Con L Q 
 
Hot carcass weight, kg 376.9 368.1 365.2 361.2 7.05 0.03 0.29 0.92 
Dress, % 62.24 61.74 62.24 61.98 0.299 0.46 0.56 0.29 
Longissimus muscle area, cm2 89.75 89.59 89.07 89.30 2.113 0.80 0.89 0.83 
12th rib fat, cm 1.21 1.12 1.06 0.99 0.053 0.02 0.08 0.99 
Yield grade 3.30 3.09 3.01 2.95 0.099 0.01 0.24 0.94 
Marbling score4 421.6 438.8 412.4 418.1 15.09 0.93 0.33 0.38 
USDA Choice, % 54.00 58.00 54.00 51.50 - 0.94 0.42 0.91 
 
1Degraded intake protein restored (by adding urea) relative to the Control diet (standard TTU Burnett Center 90% concentrate).  The 
Control, 0, 50, and 100% DIP restored diets had calculated DIP concentrations of 8.4, 7.2, 7.8, and 8.4% DIP (DM basis). 
 
2Observed significance level for orthogonal contrasts:  Con = control vs. the average of all wet sorghum distiller’s grain diets;  L = 
linear effect of level of DIP restored;  and Q = quadratic effect of level of DIP restored. 
 
3Pooled standard error of the means, n = 10 pens per treatment. 
 
4300 = Slight;  400 = Small. 
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Appendix Table 1.  Weather data during the experimental period 
 

USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 
  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
11/8/05 0 4.42 225 11.1 15 97 54 11.2 30.1 19.2 17.2 19.9 18.5 789 171 903 
11/9/05 0 4.59 5 16.8 25 54 38 4.4 18.4 12.3 16.6 19.2 18.0 724 188 907 
11/10/05 0 2.28 220 6.6 21 67 39 1.2 21.2 10.6 15.2 18.3 16.8 720 185 909 
11/11/05 0 4.26 187 13.5 32 89 56 5.7 25.3 15.8 15.1 18.3 16.8 669 180 901 
11/12/05 0 6.07 252 18.4 17 91 46 7.6 23.6 16.5 16.7 18.8 17.8 690 188 897 
11/13/05 0 4.81 33 16.4 24 53 38 4.8 17.0 10.1 15.5 17.9 16.7 708 190 906 
11/14/05 0 5.19 211 14.7 17 66 37 1.0 24.1 12.8 14.2 17.1 15.6 685 183 899 
11/15/05 0 8.56 357 23.4 15 69 37 -2.9 14.1 5.8 14.3 16.6 15.4 732 194 906 
11/16/05 0 3.26 180 10.9 15 54 30 -6.0 9.3 1.8 11.5 14.2 12.9 741 200 915 
11/17/05 0 4.53 173 15.1 18 51 32 -2.6 14.7 5.5 11.0 13.6 12.3 721 193 910 
11/18/05 0 2.95 237 8.5 17 70 41 -3.0 17.1 6.0 10.5 13.8 12.1 697 186 910 
11/19/05 0 6.44 350 21.1 36 89 61 -0.7 12.8 6.1 11.0 13.0 12.1 974 150 906 
11/20/05 0 4.00 307 14.5 19 75 44 -2.7 15.6 5.8 9.8 13.0 11.3 698 187 909 
11/21/05 0 3.69 330 11.3 16 52 33 -0.6 20.8 9.3 9.9 13.6 11.6 684 183 908 
11/22/05 0 3.40 277 12.1 11 70 35 -0.9 23.7 11.0 10.4 13.7 12.0 681 183 906 
11/23/05 0 3.16 297 9.9 9 53 27 -0.4 24.3 11.2 10.6 14.0 12.2 697 184 901 
11/24/05 0 3.16 29 6.8 17 64 32 3.0 20.5 10.0 11.1 13.2 12.1 795 94 900 
11/25/05 0 2.72 157 7.8 30 91 60 -1.7 17.1 7.8 10.3 13.3 11.8 679 170 900 
11/26/05 0 5.70 215 16.0 13 95 47 5.6 22.9 13.8 11.3 14.2 12.6 655 159 892 
11/27/05 0 8.35 265 26.1 16 75 42 0.8 14.9 8.5 12.0 13.7 12.9 787 148 885 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
11/28/05 0 3.20 266 10.0 21 56 35 -3.8 12.7 3.3 9.6 12.4 11.0 690 181 896 
11/29/05 0 2.79 120 7.6 23 61 38 -5.2 9.7 1.8 8.7 11.3 10.0 691 180 903 
11/30/05 0 6.48 246 17.7 13 51 32 -1.7 21.4 8.1 8.5 11.7 9.9 662 168 898 
12/1/05 0 3.66 171 11.5 16 73 39 -5.7 10.1 2.9 8.6 11.0 9.9 691 180 906 
12/2/05 0 6.73 243 25.2 11 50 26 -2.3 25.7 12.8 8.2 11.8 9.9 728 155 895 
12/3/05 0 6.75 266 24.0 12 68 28 1.3 23.8 12.9 10.4 13.1 11.6 646 149 895 
12/4/05 0 2.31 29 8.4 33 89 62 -5.5 11.4 1.8 9.3 12.0 10.7 676 173 904 
12/5/05 0 3.90 237 11.9 23 82 50 -7.5 8.6 0.5 7.8 10.5 9.1 704 183 907 
12/6/05 0 4.41 323 11.9 11 62 36 -8.3 14.4 0.9 6.9 9.9 8.3 700 182 902 
12/7/05 0 7.10 14 14.2 40 72 58 -13.7 -5.0 -10.0 5.4 8.6 6.6 741 168 910 
12/8/05 0 2.96 253 7.2 25 75 48 -16.1 0.4 -7.9 3.0 5.8 4.6 718 186 912 
12/9/05 0 4.29 207 10.6 18 47 31 -8.5 10.5 0.2 3.2 6.5 4.8 730 174 906 
12/10/05 0 4.00 359 13.6 19 55 36 -8.5 13.7 2.4 3.9 7.5 5.5 673 176 906 
12/11/05 0 3.88 229 13.1 19 59 36 -4.6 12.8 4.8 4.6 7.1 5.9 509 112 906 
12/12/05 0 3.30 26 8.9 26 42 33 2.9 15.5 7.7 6.3 8.8 7.3 579 107 905 
12/13/05 0 5.02 228 13.5 20 45 34 2.5 15.8 9.1 7.1 8.9 7.9 784 64 898 
12/14/05 0 4.76 354 14.4 24 61 42 -3.9 9.0 3.1 7.0 9.3 8.0 753 158 901 
12/15/05 0 2.16 167 6.3 17 61 37 -8.4 11.6 0.4 5.1 8.1 6.7 690 173 904 
12/16/05 0.2 5.68 160 17.2 30 93 62 -1.2 4.1 1.2 6.1 7.2 6.4 509 50 900 
12/17/05 0 2.89 148 11.6 62 91 82 -3.1 8.0 1.5 5.9 7.3 6.3 483 65 904 
12/18/05 1.1 3.64 106 8.4 89 100 97 -2.8 1.4 0.4 5.8 6.3 5.9 145 24 913 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
12/19/05 0.7 2.87 117 7.4 100 101 100 -1.4 0.0 -0.7 5.3 5.9 5.6 141 24 912 
12/20/05 0.2 2.50 350 8.2 61 101 89 -1.9 7.8 1.5 5.0 6.9 5.6 759 90 910 
12/21/05 0 2.95 247 7.6 30 95 64 -4.3 17.7 6.0 4.2 7.3 5.6 622 156 909 
12/22/05 0 4.21 224 10.6 17 81 46 -1.9 22.4 10.2 5.1 8.6 6.7 621 159 903 
12/23/05 0 5.57 300 16.9 16 60 37 2.8 22.7 11.8 6.5 9.5 7.9 747 146 897 
12/24/05 0 5.60 331 18.6 15 76 38 -0.7 15.1 7.4 7.0 9.4 8.2 655 170 905 
12/25/05 0 3.01 248 6.5 13 60 33 -2.3 21.3 9.0 6.1 9.7 7.8 630 161 902 
12/26/05 0 5.91 251 18.4 9 46 25 1.4 24.6 12.5 7.2 9.9 8.5 639 134 897 
12/27/05 0 6.76 288 23.7 14 43 25 3.3 19.7 12.3 8.3 11.1 9.5 639 160 897 
12/28/05 0 2.73 213 7.6 23 60 43 -1.2 15.8 6.5 7.9 10.2 9.0 685 122 900 
12/29/05 0 5.12 230 15.5 17 62 37 2.6 23.2 11.6 7.6 10.8 9.0 697 156 893 
12/30/05 0 4.67 285 12.6 21 63 38 -0.5 15.2 7.7 7.9 10.7 9.4 672 165 897 
12/31/05 0 6.36 241 16.3 9 37 23 4.8 23.0 13.1 8.1 10.8 9.5 746 134 892 
1/1/06 0 9.93 263 28.4 11 39 21 6.3 18.8 13.8 9.3 11.0 10.1 552 119 889 
1/2/06 0 4.20 260 17.7 10 38 23 0.2 21.8 10.9 8.2 11.5 9.9 693 163 901 
1/3/06 0 5.61 258 15.8 10 42 21 3.8 27.8 15.5 8.8 12.5 10.6 634 159 901 
1/4/06 0 3.44 321 9.3 18 38 27 3.3 18.9 10.6 10.1 13.1 11.6 695 174 907 
1/5/06 0 5.85 350 15.2 21 65 40 -1.0 12.2 5.4 9.2 11.9 10.5 712 185 914 
1/6/06 0 3.75 262 9.5 12 57 31 -3.5 21.3 8.1 7.8 11.3 9.5 684 178 909 
1/7/06 0 5.54 241 15.7 7 37 20 0.3 26.3 12.1 8.3 12.1 10.1 689 180 900 
1/8/06 0 5.22 276 17.3 9 24 16 7.2 21.2 13.8 9.7 12.4 10.9 711 134 897 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
1/9/06 0 6.41 346 16.9 15 94 57 -4.2 8.6 2.9 8.9 11.5 9.8 759 98 906 
1/10/06 0 5.33 245 15.3 10 94 49 -7.5 15.1 3.0 6.5 9.4 8.0 734 191 906 
1/11/06 0 6.10 248 16.0 5 26 14 -2.8 23.0 9.3 6.6 10.1 8.2 709 188 898 
1/12/06 0 7.18 283 21.7 7 71 28 -1.3 18.6 7.6 7.2 9.9 8.7 849 151 896 
1/13/06 0 3.59 289 8.7 14 72 40 -4.8 12.9 3.9 6.7 10.2 8.4 744 195 910 
1/14/06 0 5.14 206 13.9 19 47 29 -2.7 14.7 7.0 6.7 9.3 8.2 865 126 905 
1/15/06 0 7.06 238 19.0 12 39 24 5.0 22.6 13.2 8.1 11.2 9.4 696 156 894 
1/16/06 0 6.79 325 19.7 26 80 46 -0.8 12.0 5.3 8.6 11.0 9.9 747 176 894 
1/17/06 0 5.54 274 15.1 10 74 39 -6.5 12.6 3.0 7.1 9.9 8.6 760 201 903 
1/18/06 0 7.44 241 18.1 10 26 17 0.1 21.6 10.6 7.1 10.6 8.6 719 190 899 
1/19/06 0 6.69 226 18.0 8 28 16 4.9 21.8 13.2 8.2 11.2 9.7 817 143 895 
1/20/06 0 5.68 321 16.1 25 66 46 -2.8 11.7 4.8 8.9 11.5 10.0 763 204 902 
1/21/06 0 2.57 114 9.5 24 81 53 -7.5 11.4 2.4 7.0 10.1 8.7 754 179 908 
1/22/06 0 2.23 84 7.0 31 71 51 0.5 14.1 6.1 8.4 11.8 9.8 754 198 907 
1/23/06 0 3.32 234 9.2 27 78 51 -6.0 13.4 3.6 7.7 11.1 9.4 820 193 908 
1/24/06 0 3.54 8 10.7 11 72 35 -4.6 18.9 6.5 7.5 11.5 9.4 820 201 911 
1/25/06 0 3.11 138 9.2 18 47 30 -1.2 15.7 7.9 7.9 10.3 9.3 693 121 914 
1/26/06 0 6.54 174 16.8 35 79 50 4.6 16.4 10.5 9.4 11.6 10.3 847 176 907 
1/27/06 0 5.37 176 14.3 57 92 79 2.9 16.9 10.1 9.6 12.0 10.8 798 122 903 
1/28/06 0 7.28 266 20.4 15 97 48 3.4 14.7 9.6 10.6 13.0 11.7 752 205 898 
1/29/06 0 6.83 280 17.7 14 33 24 2.2 18.9 9.7 9.5 12.2 10.8 823 162 897 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
1/30/06 0 3.24 225 10.9 14 50 29 -4.2 14.5 5.7 8.5 12.5 10.5 769 207 903 
1/31/06 0 6.01 196 13.8 14 36 25 3.8 22.2 12.1 9.7 13.2 11.3 786 181 896 
2/1/06 0 5.21 291 12.3 16 70 38 2.1 18.8 10.4 10.4 13.9 12.1 779 212 893 
2/2/06 0 4.39 286 12.4 17 53 32 1.9 20.2 11.6 10.6 14.2 12.5 793 186 891 
2/3/06 0.7 4.83 343 14.8 17 93 44 2.2 13.7 8.2 11.4 14.2 12.7 803 220 900 
2/4/06 0 3.77 340 10.2 17 55 32 -2.2 16.4 6.4 9.8 13.5 11.6 833 215 905 
2/5/06 0 8.14 295 22.4 6 54 25 3.1 22.9 10.8 10.3 12.7 11.5 635 122 895 
2/6/06 0 5.18 330 14.3 15 75 40 -3.4 12.1 4.7 9.4 13.0 11.1 842 233 910 
2/7/06 0 4.41 243 17.4 7 41 23 -3.4 20.0 7.2 8.7 12.7 10.6 829 231 909 
2/8/06 0 2.76 67 7.7 8 39 20 -2.8 23.9 9.1 8.9 13.8 11.2 816 231 907 
2/9/06 0 4.97 186 14.0 15 73 42 -4.3 18.1 7.9 9.8 12.9 11.5 849 189 904 
2/10/06 0 9.66 12 19.8 27 64 41 0.3 12.7 3.6 10.6 13.1 11.9 867 228 906 
2/11/06 0 7.05 337 19.1 13 44 27 -5.9 5.1 -0.5 9.4 11.9 10.8 881 248 914 
2/12/06 0 5.07 314 15.4 13 47 25 -6.7 14.3 3.8 7.5 12.1 9.7 878 247 912 
2/13/06 0 5.97 205 17.4 7 36 18 -2.3 19.4 8.9 8.3 12.7 10.4 874 244 905 
2/14/06 0 7.07 248 16.6 7 35 17 0.8 22.2 12.1 9.6 13.6 11.6 930 232 897 
2/15/06 0 5.72 223 15.7 10 35 20 4.1 24.4 14.3 10.8 15.3 12.9 861 244 894 
2/16/06 0 8.14 297 18.8 9 49 22 -2.7 22.2 12.5 12.3 16.1 14.0 853 232 898 
2/17/06 0 5.51 51 13.0 31 72 49 -8.3 2.8 -3.3 10.5 14.6 11.9 960 153 911 
2/18/06 0.2 4.58 64 9.9 37 76 59 -9.2 -2.6 -6.2 8.3 10.9 9.4 892 138 912 
2/19/06 0.1 3.46 154 9.4 53 88 71 -9.0 2.9 -4.4 6.6 8.8 7.6 626 109 905 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
2/20/06 0 2.65 126 8.8 30 96 67 -8.5 14.0 1.6 5.6 10.5 7.7 957 249 901 
2/21/06 0 3.55 192 13.3 14 94 54 -4.3 20.4 7.4 7.7 11.1 9.2 1,039 155 897 
2/22/06 0 3.57 350 15.3 10 82 42 1.6 19.8 9.2 9.4 13.5 11.1 1,088 226 899 
2/23/06 0 3.23 148 12.3 33 98 72 -1.2 10.9 4.8 10.1 12.5 11.0 620 116 906 
2/24/06 0 3.50 189 10.2 59 100 84 1.7 15.5 8.6 10.0 12.4 11.0 772 122 903 
2/25/06 2.7 4.57 16 15.2 62 96 81 1.4 10.0 7.4 10.6 11.9 11.4 879 123 907 
2/26/06 0 3.81 192 12.3 35 88 62 -2.6 15.9 6.6 8.2 12.4 10.2 899 256 912 
2/27/06 0 6.51 232 16.4 8 92 49 2.9 26.3 13.8 9.7 13.7 11.5 1,012 244 901 
2/28/06 0 6.04 266 15.6 9 54 28 4.1 30.3 18.1 10.5 15.3 12.8 901 254 898 
3/1/06 0 5.06 276 13.9 11 40 24 11.1 31.0 20.3 13.0 16.7 14.8 875 205 898 
3/2/06 0 6.45 65 14.4 19 61 29 7.1 20.0 14.3 14.5 17.1 15.8 992 210 905 
3/3/06 0 4.71 99 11.8 38 74 53 3.7 14.0 8.5 13.6 16.3 14.3 305 58 908 
3/4/06 0 5.45 156 15.1 54 91 71 6.3 20.1 13.2 12.5 14.5 13.3 585 101 903 
3/5/06 0 4.62 279 15.1 10 96 48 9.8 27.1 16.9 13.4 18.2 15.3 910 270 906 
3/6/06 0 4.29 166 11.8 14 58 37 5.8 28.8 17.1 14.0 18.6 16.2 993 252 906 
3/7/06 0 5.52 228 14.3 7 87 41 12.2 30.6 20.6 16.1 20.0 17.9 914 246 899 
3/8/06 0 7.88 245 22.8 14 53 30 11.2 22.1 16.9 17.0 19.3 18.0 720 149 890 
3/9/06 0 8.03 266 22.0 12 75 32 2.1 17.5 10.9 15.0 17.7 16.4 1,006 249 887 
3/10/06 0 7.10 232 20.8 11 29 18 5.7 22.0 14.2 14.2 17.0 15.6 907 177 888 
3/11/06 0 4.11 205 18.8 9 36 20 4.2 23.7 15.3 14.0 19.0 16.4 956 277 894 
3/12/06 0 8.84 253 25.6 6 28 16 4.9 23.8 14.2 14.9 18.3 16.9 935 256 893 
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Appendix Table 1 continued 
USDA – Agricultural Research Service North Lubbock Meteorological Tower, Lubbock, TX 

  Avg Resultant     Min Max Avg Min Max Avg Max Avg Avg 
 Daily wind wind Max Min Max Avg air air air soil soil soil solar solar sta. 
 rain, speed, dir gust, RH, RH, RH, temp, temp, temp, temp, temp, temp, rad., rad., press.,

Date mm m/s deg. m/s % % % C C C C C C W/m2 W/m2 mb 
3/13/06 0 6.79 292 18.6 7 35 18 -0.1 15.0 7.5 13.9 17.9 15.9 1,036 318 902 
3/14/06 0 3.36 161 10.8 13 39 22 -2.3 18.5 8.9 13.0 17.6 15.2 1,021 309 907 
3/15/06 0 6.18 181 17.4 16 43 28 4.5 21.9 13.5 14.2 16.6 15.4 828 141 901 
3/16/06 0 5.11 47 15.5 11 40 20 2.8 21.9 12.7 13.5 18.4 15.7 1,033 313 906 
3/17/06 0.1 6.35 107 14.1 19 81 43 4.1 10.5 7.6 14.6 17.4 15.6 408 92 906 
3/18/06 6 4.72 102 10.7 77 99 92 3.7 7.4 5.9 12.7 14.6 13.5 406 43 899 
3/19/06 20.1 4.94 118 14.3 80 101 97 6.5 13.8 8.2 11.6 12.7 12.3 730 57 893 
3/20/06 4.6 8.78 292 26.8 27 97 68 -0.9 13.7 5.7 9.9 12.5 11.2 1,095 299 891 
3/21/06 0 5.23 23 13.3 41 80 62 -3.7 12.2 2.7 7.8 12.3 10.0 1,072 305 904 
3/22/06 0 6.38 75 13.0 80 93 87 -2.2 0.4 -1.3 8.4 11.2 9.6 328 55 906 
3/24/06 0 4.69 186 10.3 24 54 37 5.8 15.0 11.2 7.0 11.5 10.3 1,001 317 907 
3/25/06 0 4.98 176 12.9 16 63 38 2.4 20.2 11.6 8.6 13.2 10.6 1,052 307 904 
3/26/06 0 6.97 199 16.8 8 56 33 6.1 26.8 16.2 10.5 14.8 12.5 1,236 258 897 
3/27/06 0 5.55 48 16.1 23 65 40 7.0 18.5 12.5 12.2 14.9 13.8 983 236 905 
3/28/06 7.4 3.94 137 12.5 30 95 49 6.1 21.4 14.1 12.2 15.8 14.0 1,110 257 905 
3/29/06 0.1 5.91 188 16.0 28 97 69 11.4 24.1 16.9 13.8 17.2 15.5 1,012 230 899 
3/30/06 0 7.30 239 19.9 19 90 47 13.6 23.0 18.3 15.2 17.8 16.3 1,013 298 896 
3/31/06 0 3.12 238 8.9 12 61 30 6.0 29.8 17.3 13.8 18.6 16.2 1,124 300 902 
4/1/06 0 5.51 205 13.0 13 92 56 14.3 26.0 19.8 16.4 18.4 17.3 993 140 899 
4/2/06 0 5.94 272 15.1 7 50 22 9.3 26.5 18.9 15.2 19.1 17.1 1,041 332 901 
4/3/06 0 4.61 49 14.4 23 56 36 7.8 22.7 14.4 15.2 18.1 16.8 905 238 908 



  

PERMISSION TO COPY 
 
 
 

 In presenting this thesis in partial fulfillment of the requirements for a master’s degree 

at Texas Tech University or Texas Tech University Health Sciences Center, I agree that 

the Library and my major department shall make it freely available for research purposes.  

Permission to copy this thesis for scholarly purposes may be granted by the Director of 

the Library or my major professor.  It is understood that any copying or publication of 

this thesis for financial gain shall not be allowed without my further written permission 

and that any user may be liable for copyright infringement. 

 

Agree  (Permission is granted.) 

 

Landon M. Shaw                        11/1/06   
 Student Signature                Date 
 
 
 
Disagree  (Permission is not granted.) 
 
 
 
_______________________________________________          ___________ 
 Student Signature                Date 
 
 
 


