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ABSTRACT 

One hundred twenty crossbred beef steers (initial body weight = 230.3 ± 18.0 kg) 

were used to determine the effects of whole cottonseed (WCS) supplementation on 

performance, carcass characteristics, and the prevalence of Escherichia coli 0157 in the 

feces and on hides at slaughter of finishing beef steers. The three dietary treatments 

included: (1) a standard finishing diet (STD); (2) a diet containing 15.10% whole 

cottonseed (WCS): and (3) a whole cottonseed equivalent diet (EQU) formulated to 

contain percentages of fat and neutral detergent fiber (NDF) equal to those in the WCS 

diet. Cattle were on feed for an average of 120 d. A randomized complete block design 

was used with pen as the experimental unit (eight pens/treatment). Results reported here 

are for the period from d 0 to slaughter. A difference among treatments was detected for 

dry matter intake (DMI; P = 0.056). Steers fed the WCS diet consumed more feed than 

steers fed the STD or EQU diets (P < 0.091). No differences were detected among 

treatments for average daily gain (ADG; P = 0.521). carcass-adjusted ADG (P = 0.305). 

or feed efficiency, expressed as feed:gain. (P = 0.225); however, a difference was 

detected among treatments for carcass-adjusted feed efficiency (P = 0.009). Separation 

of the treatment means revealed that cattle fed the STD treatment used feed more 

efficiently (P < 0.01) on a carcass-adjusted basis than steers fed the WCS or EQU diets. 

No differences (P > 0.10) were detected among treatments for hot carcass weight, fat 

thickness at the 12"' rib, longissimus muscle area, percentage of kidney, pelvic, and heart 

fat, liver abscess score, and USDA yield and quality grades. Differences were detected 

among treatments for dressing percent (P = 0.061) and marbling score of the longissimus 



muscle (P = 0.058). Steers fed the STD diet had higher dressing percents (P < 0.058) 

than steers fed the WCS and EQU diets. Additionally, steers fed the STD diet had higher 

marbling scores (P < 0.081) than steers fed the WCS and EQU diets. No differences 

were detected (P > 0.229) among treatments for the presence of £. coli 0157 detected at 

any sampling period during the study. These results indicate that unless an adjustment is 

made for total dietary fiber, finishing cattle fed a diet containing supplemental WCS will 

likely consume more feed and gain similarly to cattle fed a standard finishing diet. These 

data also indicate that WCS will likely have no effect on the prevalence of £. coli 0157 

in beef cattle. 
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CHAPTER I 

INTRODUCTION 

Whole cottonseed has been used extensively in dairy cattle diets for many years; 

however, its use in the beef industry has been comparatively limited, despite its high 

protein and fat content. Cotton is present in abundant quantities throughout the United 

States, specifically in the South. Therefore, it seems logical that incorporation of whole 

cottonseed in beef diets may have a place in low-cost diet formulation in regions of the 

country where cotton is a principle crop. 

Previous research has suggested that whole cottonseed may decrease the shedding 

of Escherichia coli 0157 in cattle (Hancock et al., 1994; Garber et al.. 1995). Decreasing 

the prevalence of this organism at the production level may help to subsequently decrease 

the incidence of carcass contamination as well as outbreaks within the human population. 

Recent outbreaks of contaminated meat have resulted in product recalls and have 

somewhat shaken the public's confidence regarding the safe consumption of beef 

Therefore, the possible benefits of whole cottonseed in the beef finishing diet may be 

two-fold; it may provide an alternative source of protein and fat in the diet without 

detrimental effects on animal performance, as well as present a possible method to 

decrease the prevalence of E. coli 0157 that can be readily implemented in practice. The 

present study was designed to examine the effects of whole cottonseed supplementation 

on performance, carcass characteristics, and the prevalence of £. coli 0157 in the feces 

and on hides at slaughter of finishing beef steers. 



CHAPTER II 

REVIEW OF LITERATURE 

Whole Cottonseed 

Effective Neutral Detergent Fiber 

Physically effective neutral detergent fiber (NDF) can be defined as the portion of 

the feed that stimulates mastication. This mastication then sfimulates saliva secretion, 

which buffers against acid insult. Acid insult can cause decreased fiber digestibility, 

ruminal motility, and erratic feed intakes (Allen, 1997). Several studies have evaluated 

the effective NDF of whole cottonseed compared to that of NDF from forages (Clark and 

Armentano. 1997: Mooney and Allen, 1997; Harvatine et al.. 2002). 

Clark and Armentano (1997) compared the effective NDF properties of four diets 

fed to Holstein cows. Treatments tested were a basal control (CON) with 6% of dry 

matter (DM) from both alfalfa hay and corn silage; a high-fiber alfalfa diet (HFA) with 

16%) of DM from alfalfa hay and 6%o of DM from corn silage; a low-non-forage-fiber 

diet (LNF) consisting of the CON plus 5% of DM as NDF from a combination of whole 

cottonseed (WCS), dried distillers grains (DDG), and wheat middlings (WM); and a 

high-non-forage-fiber diet (HNF) consisting of the CON plus 10%) of DM as NDF from a 

combination of WCS. DDG. and WM. Total chewing time was greater (P < 0.01) for the 

high-fiber alfalfa diet than for the other three diets. The time spent chewing per day was 

780, 621, 657. and 644 min for the HFA, CON, LNF. and HNF diets, respectively. 

However, it was noted that the NDF content of the alfalfa hay was unusually low, 



possibly increasing the ruminal rate of passage for both the alfalfa hay and non-forage 

fiber sources, thereby decreasing effectiveness of the nonforage fiber sources (Clark and 

Armentano. 1997). 

Mooney and Allen (1997) used four treatments fed to 12 Holstein cows in a study 

designed to compare the physical effectiveness of NDF from WCS to that of alfalfa silage 

(AS) at two lengths of cut. The mean particle sizes were 5.8 mm for the short-cut and 

11.4 mm for the long-cut AS. Treatments were arranged in a 2 x 2 factorial design, 

consisting of AS at two lengths of cut (long or short) with or without WCS substituted for 

27%) of AS NDF on an equivalent NDF basis. This substitution of WCS amounted to 

11.9% of the dietary DM for the two WCS-containing treatments. Diets that did not 

contain WCS had a grain mix accounting for 44.7%) of the dietary DM; treatments that 

included WCS had a grain mix of 47.1%) of the dietary DM. Mooney and Allen (1997) 

found that substituting WCS NDF for AS NDF affected chewing activity. Interactions 

between fiber source and length of cut were found for total chews/day. total chewing 

time, ruminating chews/day. and ruminating time/day. Adding WCS to the short-cut AS 

resulted in a 5.6%) increase in daily ruminating time (447 min for the short-cut AS vs. 472 

min for the short-cut AS plus WCS): however. WCS substitution was not as effective 

when added to the long-cut AS. When WCS was substituted into diets containing long-

cut AS, ruminating time decreased 2.0%) from 496 to 486 min/day. These resuhs led the 

authors to conclude that WCS was more effective than short-cut AS, but less effective 

than long-cut AS, at stimulating chewing activity. Based on the data, coefficients were 

calculated for the physical effectiveness of NDF from WCS when compared to the two 



lengths of AS. The authors reported that NDF from WCS was only 50% as effective as 

NDF from long-cut AS. but 127%o as effective as NDF from short-cut AS. 

Harvatine et al. (2002) fed six Holstein cows six different diets in a 6 x 6 Latin 

square design to evaluate the potential interactions between forage and WCS on fiber 

effectiveness. The study also examined whether the role of effecti\e NDF from WCS 

could be clarified by the kinetics of fiber digestion. Treatments were a forage control diet 

with no WCS added to a ground corn-based diet (FCG); 5% WCS added to a ground 

corn-based diet (LG); 5% WCS added to a steam-flaked corn-based diet (LSF); 10% 

WCS added to a ground corn-based diet (MG); 10%) WCS added to a steam-flaked corn-

based diet (MSF): and 15% WCS added to a ground corn-based diet (HG). The FCG 

contained 21% forage NDF. LG and LSF contained 18% forage NDF. MG and MSF 

contained 15% forage NDF. and HG contained 12% forage NDF. Alfalfa silage with a 

mean particle size of 5.6 mm was used to supply the forage NDF. Time spent chewing 

(minutes/da\) did not differ (P > 0.05) among treatments. These results indicated that 

NDF from WCS is nearly as effective as NDF from the AS used to supply the forage 

NDF in this study. The substitution of steam-flaked for ground corn did not interact with 

WCS addition or have any significant effects on chewing activity. Ruminal pH was also 

unaffected b\ the substitution of steam-flaked for ground corn. Har\'atine et al. (2002) 

suggested that even though the ruminal digestibility of nonstructural carbohydrates 

increased from steam-flaked corn addition, the NDF from WCS stimulated enough 

chewing activity to buffer against the higher acid load. The authors calculated that NDF 

from WCS was 84% as effective as the NDF from AS; however, because of the high 



standard error, the physical effectiveness factor did not differ (P > 0.05) from 1.0. The 

authors also noted that the mass of the ruminal DM increased linearly (P < 0.01) with 

increasing level of WCS. This increased ruminal mass could have stimulated tension 

receptors or provided tactile stimulafion within the rumen to maintain similar chewing 

times between treatments (Harvatine et al.. 2002). 

Defoor et al. (2002) evaluated the effects of roughage source and concentration on 

intake and performance by finishing heifers. Alfalfa hay, sudan hay. wheat straw, or 

cottonseed hulls were fed at 5. 10, or 15% of the dietary DM in a steam-flaked corn-

based diet. A\'eraged across roughage concentrations, NE,; intake/kg of bod\' weight 

(BW)°̂ -"~ was greater (P < 0.05) by heifers fed cottonseed hulls than by alfalfa hay; NEg 

intake/kg of BW°^^ also tended to be greater (P < 0.10) for cattle fed cottonseed hulls 

than for cattle fed sudan hay. The NEg intake/kg of BW° ̂ ' did not differ (P > 0.10) 

between cattle fed diets containing cottonseed hulls or wheat straw. Galyean and Defoor 

(2003) reported that because gut fill rarely limits dry matter intake (DMI) by cattle fed 

high-concentrate diets, an animal typically eats more to compensate for the energy lost in 

the diet when it is diluted by roughage. This compensation, or overcompensation in some 

cases, might result in greater intakes if gut fill does not begin to limit consumption 

(Galyean and Defoor. 2003). Rivera et al. (2003a) evaluated the effects of cottonseed 

hulls or alfalfa hay as roughage sources on performance by finishing beef steers. Diets 

were formulated to contain the same percentage of NDF from each roughage source in a 

high concentrate (88 to 93.5%)) basal diet. No significant differences were found between 

treatments on DMI, average daily gain (ADG), or feed:gain (F:G), suggesting that 



performance is not affected by roughage source when the percentage of forage NDF is 

similar in high-concentrate diets. 

Given the results of these studies, it seems as though WCS can be an important 

source of effective NDF. Moreover, with the low roughage content ol'most finishing 

diets, cattle fed WCS may produce more saliva than cattle fed standard finishing diets. 

which could translate into a higher ruminal pH. as well as a more consistent feed intake. 

Additionally, because a diet containing WCS would have a higher percentage of NDF 

than the same diet without supplemental WCS, cattle may consume more of the feed on a 

metabolic BW basis. 

Heat Increment 

Heat increment can best be defined as the increase in heat production following 

the consumption of food (Church. 1988). A diet producing a smaller heat increment 

could relieve heat stress during hot weather (Beede and Collier. 1986). Coppock et al. 

(1985b) evaluated the effects of WCS on the physiological responses of dairy cows. 

Tliree treatments were assigned to 20 lactating Holstein cows. The diets contained WCS 

as 0, 15, or 30% of the total dietary DM. Respiration rates decreased linearly (P < 0.05) 

with increasing WCS substitution. Rates decreased from 68.1 breaths/min for the control 

diet to 64.6 and 60.0 breaths/min for the 15 and 30% WCS diets, respectively. The 

authors concluded that the lower respiration rales were partl\' a result of the lower DMI 

for the cows fed the WCS diets, but also because of the lower heat increment of fat that 

was higher in the WCS diets. Similarly, Holter et al. (1992) noted that diets with 15% 



WCS decreased the heat produced in excess of maintenance (0.080 Mcal/kg of BW^') bv 

6.7% o\er a control diet with no WCS added: the diet containing 15% WCS also 

decreased total heat loss by 4.9%) over the control in Holstein cows. 

Arieli (1994) conducted a study using Merino rams fed at two levels of intake: 

near maintenance and double the maintenance requirements. A control diet and a diet 

with WCS supplementation at roughly 25% of the dietary DM were fed at both low and 

high levels of intake. Heat production was estimated from oxygen consumption using an 

open-circuit system with a facemask. Heat production was not affected by diet al the 

maintenance level of feeding; however, it was decreased (P < 0.05) at the higher level of 

intake by WCS supplementation. The diet containing WCS reduced the amount of heat 

produced by 7.5%). Arieli (1994) concluded that this decrease in heat production was 

caused by a decrease in methane production in the rumen as a function of the higher lipid 

content of the diet, as well as an improvement in the efficiency of tissue metabolism. 

Results of these studies indicate that WCS supplementation can decrease heat 

production by ruminants. The decrease resulting from WCS addition is a function of the 

increased fat from WCS in the diet. This decrease in heat production could be beneficial 

to heat-stressed animals in periods of hot weather (Beede and Collier. 1986); however, 

the decrease in heal production would not be as \aiuable in cold weather (Coppock et al., 

1985b). 
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Fatty Acids 

Sullivan et al. (1993) evaluated the fatty acid content of a short-staple variety of 

WCS. The fatty acid analysis of short-staple WCS was: myristic acid (Cuo) = 0.8%; 

palmitic acid (Ci6:o) = 25.1%); stearic acid (Ci8:o) = 2.4%; oleic acid (Cig;,) = 17.4%; 

and linoleic acid (Ciso) = 54.3%. Similarly, Wu et al. (1994) found the fatty acid content 

of WCS was: CM,, = 1.0%, C,6:(, = 26.3%, CKSO = 3.1%, Cs i = 18.3%. and C,8:2 = 

46.9%. 

Lubis et al. (1990) evaluated the fatty acid content of milk in diets containing no 

supplemental WCS or 15%) supplemental WCS at various protein levels. Averaged over 

all protein levels, milk from cows fed the control diets contained more (P < 0.05) myristic 

acid, but less (P < 0.05) oleic and linoleic acid than milk from cows fed the WCS diets. 

Differences in palmitic and stearic acids were not significant (P > 0.05) between 

treatments: in contrast, Holter et al. (1992) found slightly different results. In diets 

containing no WCS or 15% supplemented WCS, the only significant difference found in 

the fatty acid composition of milk from cows in the study (for fatty acids at least 14 

carbons in length) was reported for stearic acid. Milk from cows fed the WCS diet was 

higher in stearic acid (P < 0.05) than milk from cows fed the control diet 

Preston et al. (1989) reported that increasing levels of dietary WCS increased the 

concentration of stearic acid in the subcutaneous fat layer of finishing cattle fed the 

experimental diets for 113 d. Huerta-Leidenz et al. (1991) found that increasing the 

amount of WCS from 0 to 15 to 30%) of the dietary DM increased (P < 0.05) 

concentrations of linoleic and other polyunsaturated fatty acids in perinephric depot sites 



of finishing steers fed the experimental diets for 54 d. Huerta-Leidenz et al. (1991) 

suggested that differences between this study and the one conducted by Preston et al. 

(1989) could have been a resuh of differences in feeding time of the experimental diets; 

the authors suggested that differences in depot depositions of stearic acid may require 

feeding fimes exceeding 54 d. These results indicate that ruminal biohydrogenation of 

diets containing WCS may be more complete than diets with no WCS, which agrees with 

the findings of Pires et al. (1997). who noted that ruminal biohydrogenation of fatty acids 

was more extensive with diets containing WCS than with a control diet without 

supplemental WCS. However, unsaturated fatty acid concentrations entering the small 

intestine may still be greater for diets containing supplemental WCS, as would be 

consistent with the findings of Lubis et al. (1990) and Huerta-Leidenz et al. (1991). 

Digestibility and Performance 

The ruminal digestibility of WCS has been studied on several occasions (Utley 

and McCormick, 1980; Smith et al., 1981; Arieli et al., 1989; Zinn and Plascencia, 1992). 

Smith et al. (1981) calculated digestibility coefficients of WCS by both substitution of 

WCS in a basal diet and the regression of digestibility on the percentage of WCS within 

the diet. Ruminal DM digestibility was determined to be 66.8% using the substitution 

technique and 66.0%) using the regression technique. Ruminal N digestibility of WCS 

was calculated to be 75.5%o by substitution and 73.7% by regression. 

Utley and McCormick (1980) used a nylon bag filled with 12 g of WCS placed in 

the rumen for 4 h. After 4 h, the bag was rinsed and then washed with distilled water. 



Dry matter digestibility and protein degradation were measured. Ruminal DM 

digestibility was calculated to be 36.5%: and protein degradation was calculated to be 

73.7%). These results agree with values calculated by Arieli et al. (1989). Calculations 

used by Arieli et al. (1989) assumed a ruminal outflow rate of 0.08 h''. Ruminal DM 

digestibility was estimated to be 48.4%. v\hereas ruminal protein degradation was 

esfimated at 76.5% (Arieli et al.. 1989). Zinn and Plascencia (1992) calculated the 

ruminal protein degradation of WCS to be 75%. Differences in ruminal digestibility 

\alues between the study by Smith et al. (1981) and the other authors (Utley and 

McCormick. 1980; Arieli et al.. 1989; Zinn and Plascencia, 1992) are most likely a result 

of differences in techniques used to determine WCS digestibility. 

Arieli et al. (1989) determined the total tract digestion of WCS. Following a 24-h 

incubation period in the rumen, bags were removed and incubated 2 h with a pepsin 

solution, and then inserted back into the animal through a duodenal cannula. The bags 

were subsequently recovered from feces and rinsed. Total tract digestion of DM was 

calculated to be 66.9%, and protein degradation Vkas estimated at 91.6%. 

The digestibility of complete diets containing WCS cottonseed at high roughage 

levels have been evaluated by Moore et al. (1986), Wu et al. (1994), and Pires et al. 

(1997). Moore et al. (1986) conducted a digestion trial using 12 beef steers to determine 

the effects of WCS, cottonseed oil. or animal fat on the digestibility of wheat straw-based 

diets. The four treatments consisted of diets high in wheat straw (greater than 60%o), 

supplemented with either no added fat or 6.3% (as-fed basis) added fat from whole 

cottonseed (30%o of diet), cottonseed oil. or animal fat. These diets were formulated to 
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contain equal levels of cottonseed hulls and cottonseed meal. All forms of supplemental 

fat decreased (P < 0.05) acid detergent fiber (ADF) digestibility, indicating that the 

optimum level of fat supplementation was less than 6.3% for wheat straw-based diets. 

Organic matter (CM) and gross energy (GE) digestibilities did not differ among sources 

of added fat; however, the digestibility of DM was greater (P < 0.05) for the whole 

cottonseed diet than for diets containing free fats, possibly because fat from WCS was 

protected within the seed as discussed by Baldwin and Allison (1983). Crude protein 

(CP) digestibility was highest (P < 0.05) in the whole cottonseed diet, possibly because 

of its higher CP content. 

Wu et al. (1994) examined the effects of source and amount of supplemental fat 

on digestion by Holstein cows. Treatments consisted of a basal diet with 3.1% ether 

extract (EE) and the basal diet plus (DM basis) 12% WCS (5.2%) EE), WCS plus 2.2% 

safflower oil (7.4% EE). WCS plus 2.2% prilled tallow fatty acids (7.4% EE). or WCS 

plus 4.4%) prilled tallow fatty acids {9.6% EE). The main ingredient in each of these diets 

was alfalfa hay at 43%) of the DM for the control treatment and 38%) of the DM for the 

treatments containing WCS. Organic matter digestibility tended (P < 0.13) to be less (53 

vs. 56%) for the control diet than for the WCS-supplemented diets. This result was partly 

caused by a numerically lower CP digestibility of the control diet. Digestibilities of ADF 

and NDF were not affected by treatment. 

Pires et al. (1997) studied the effects of heat treatment and physical processing of 

WCS on nutrient digestibility of Holstein cows. Basal diets consisted of 55.3%) corn 

silage and 44.7% concentrates on a DM basis. Calculated total tract digestibility was 

11 



higher (P < 0.05) for the control diet than for the diet containing raw WCS; values were 

67.1%o to 62.2%) for the control and WCS diets, respectively. Nitrogen total tract 

digestibility was also increased (P < 0.05) in animals fed the control diet. Whole 

cottonseed supplementation decreased (P < 0.05) total tract N digestibility by 5.8% as the 

value decreased from 72.8%o for the control to 67.0% for the raw WCS-supplemented 

treatment. 

Resuhs of these studies indicate that relative differences in the digestibility of 

high-roughage, WCS-supplemented diets can be quite variable. In high-roughage diets, 

the main source of roughage most likely determines the effects of WCS addition on 

intake, as well as effects on fiber, protein, and DM digestibilities. 

Utley and McCormick (1980), Zinn and Plascencia (1992). and Zinn (1995) 

evaluated the digestibilities of diets containing WCS in high-concentrate diets. Utley and 

McCormick (1980) conducted a metabolism trial to evaluate differences in protein 

sources in whole corn-based finishing diets. Apparent digestibility and N balance by 

steers fed diets containing three types of supplemental protein were evaluated in a 3 x 3 

Latin square design. The three types of protein supplements were a pelleted urea-

cottonseed (U-CSM) meal supplement added at 5%) of the dietary DM; WCS added as 

14%) of the dietary DM; and Bennudagrass pellets added at 25% of the dietary DM. All 

diets were nearly isonitrogenous, containing roughly 12.1% CP, but the WCS diet was 

highest in EE at 7.13%). compared with 5.07% for the pelleted U-CSM and 4.18% for the 

pelleted bennudagrass diet. Apparent DM digestibility was greater (P < 0.05) for diets 

containing pelleted U-CSM and WCS than for the diet containing bermudagrass pellets. 



This result was expected because the bermudagrass diet contained more crude fiber and 

less N-free extract than the other diets, thereby potenfially lowering digestibility. 

Apparent CP and EE digestibilities did not differ (P > 0.05) among treatments; however, 

ruminal protein degradation was measured, and after 4 h in vivo protein degradation did 

differ (P < 0.05) among treatments. Calculated values were 48.3, 40.6, and 32.1% for the 

WCS-, U-CSM-. and bermudagrass-supplemented diets. The difference in the WCS and 

U-CSM diets could have been a result of the heating of the CSM in the pelleted U-CSM 

diet, lowering the ruminal protein degradability in the U-CSM diets (Utley and 

McCormick, 1980). The calculated total digestible nutrient content was 84.34 and 

84.96%o for diets containing pelleted U-CSM and WCS, respectively. These values were 

higher (P < 0.05) than the value of 76.43%) for the diet containing bermudagrass pellets. 

In another trial examining WCS supplementation in high-concentrate diets, Zinn 

(1995) used camiulated Holstein steers to study the digestibility of linted and lint-free 

WCS. Treatments consisted of a basal growing-finishing diet (88%o concentrate) 

containing (DM basis) 15% tapioca (control): 15% whole linted cottonseed; 15% whole 

lint-free cottonseed; or 15%) ground lint-free cottonseed. Organic matter digestion of the 

control diet was higher (P < 0.05) than for cottonseed diets in both the rumen and the 

total tract. The control diet had a ruminal OM digestibility of 71.0% compared with 

values of 65.2, 58.6, and 66.2% for the linted, lint-free, and ground lint-free WCS. Total 

tract OM digestibilifies were 85.6, 82.8, 81.8, and 83.3% for the control, the linted, lint-

free, and ground lint-free WCS diets, respectively. Digestion of ADF did not differ (P > 

0.10) among treatments. Ruminal feed N digesfion was highest for the control and linted 



(66.2 and 68.6%)) compared with 55.1%o and 65.1%) for the lint-free and ground lint-free 

WCS; the contrast of ruminal N digestion between linted and lint-free WCS was 

significant at P < 0.10. Total tract N digestion also differed between linted and lint-free 

WCS (P < 0.05), with values of 82.7. 77.7, and 80.8% for Hnted, lint-free, and ground 

lint-free WCS. respectively. Total tract N digestion for the control was 78.6%. which 

was numericall\' lower than the value of 82.7% for linted WCS. Zinn (1995) concluded 

that lint-free WCS must be ground in order to be as valuable in feeding practices as linted 

WCS, which agreed with the earlier results of Coppock et al. (1985a). Coppock 

postulated that lint from linted varieties of WCS allows the seeds to stratify within the 

rumen and be regurgitated with the forage for rumination. Lint-free varieties most likely 

do not stratify and. therefore, are not as digestible in the whole seed form. 

Zinn and Plascencia (1992) used camiulated Holstein steers to determine the 

interaction of WCS and supplemental fat on the digestive function of cattle fed high-

concentrate diets. Four dietary treatments were studied, consisting of (DM basis) 0% 

yellow grease (YG) / WCS (CON); 5% YG / 0% WCS; 0% YG / 20% WCS; and 5% 

YG / 20% WCS. Ruminal OM digestibilities of the diets were 65.4, 60.9. 60.9. and 

46.3%; total tract OM digestibilities were 78.2, 77.6, 75.1 and 70.8% for the CON, 5% 

YG / 0% WCS, 0% YG / 20% WCS, and 5% YG / 20% WCS diets, respectively. 

Supplemental fat and cottonseed main effects were significant (P < 0.01), and an 

interaction was present (P < 0.05) between the two for both ruminal and total tract 

digestibilities. A cottonseed x supplemental fat interaction occurred (P < 0.05) for total 

tract ADF digestibility. Values of total tract ADF digestion were 31.6, 35.3, 35.2. and 
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29.8% for the CON, 5% YG / 0% WCS, 0% YG / 20% WCS, and 5% YG / 20% WCS 

diets, respectively. The main effect of supplemental fat and the cottonseed x 

supplemental fat interaction were detected (P < 0.05) for the ruminal digestion of dietary 

N; however, only the main effect of cottonseed was detected (P < 0.05) for total tract N 

digestion. Diets containing WCS had greater total tract N digestion at 70.6 and 68.1% for 

the 0% YG / 20% WCS and 5% YG / 20% WCS diets, respectively. Values for the diets 

without supplemental WCS were 65.5%) for the CON and 65.3% for the 5% YG / 0%o 

WCS diet. The results of this study indicated that dietary fat from the 5% YG and 20% 

WCS diet was too high for optimal digestion by ruminants. 

Collectively, results of these experiments indicate that digestibilities of diets 

containing WCS may be nearly equivalent to those of standard finishing diets if the fat 

content of the diet is not exceedingly high. As indicated by Zinn and Plascencia (1992), 

WCS supplementation will most likely result in lower diet digestibilities when the diet 

contains at least 5% of supplemental fat in addition to that provided by WCS. 

Data are limited evaluating performance by finishing cattle supplemented with 

WCS (Ufley and McCormick, 1980; Preston et al., 1989; Huerta-Leidenz et al, 1991). In 

the previously mentioned experiment evaluating protein sources in whole shelled corn-

based finishing diets fed to steers. Utley and McCormick (1980) also conducted two 

feeding trials, one trial with 42 steers fed for 120 d, and another trial with 36 heifers fed 

for 140 d. Performance was measured when protein was supplemented as a pelleted 

urea-cottonseed (U-CSM) meal supplement added at 5%) of the dietary DM; WCS added 

as 14% of the dietary DM; and bermudagrass pellets added at 25%o of the dietary DM. 



All diets contained approximately 12.1% CP, but the WCS diet was highest in EE at 

7.13%. compared with 5.07% for the pelleted U-CSM and 4.18% for the pelleted 

bermudagrass diet. Steers fed the bermudagrass supplement had greater (P < 0.05) ADG 

than steers fed the U-CSM or WCS supplements; this response was largely a result of 

differences in DMI. Steers fed the bermudagrass supplement consumed almost 2 kg 

more per d (10.04 kg/d) compared with the U-CSM (8.11 kg/d) and WCS (8.08 kg/d) 

diets. The authors concluded that the larger ruminal capacity of the steers allowed for 

greater intakes of the bennudagrass treatment resulting in greater gains although the diet 

was lower in digestibility. No explanations were offered regarding gut fill responses to 

WCS. The F:G ratio was unaffected (P > 0.05) by treatment. 

In the second feeding trial conducted by Utley and McCormick (1980), the range 

in DMI over all treatments for the heifers was only 0.15 kg, thereb\- resulting in no 

significant differences (P > 0.05) among treatments for ADG or F:G. No significant 

differences between treatments were found for any carcass traits (dressing percent, 

marbling score. \'ield grade, fat thickness) in both feeding trials. The authors suggested 

that animals fed balanced diets would alter their feed intake according to the palatabilit> 

of the diet to meet their nutrient requirements. 

Preston et al. (1989) evaluated effects of WCS in cattle finishing diets during a 

113-d feeding trial. Treatments consisted of a control (no WCS added to diet at any 

time); feeding 5%o WCS from d 0 to 28 and then increasing the level of WCS by 5% 

approximately every 28 d to the last period, reaching a level of 20%) WCS; or feeding 

10% WCS from d 0 to 28 and then increasing the level of WCS by 5% approximately 



every 28 d to the last period, reaching a level of 25%) WCS. Although no period 

differences between treatments were significant (P > 0.05). WCS addition at less than 

20%o of the diet produced numerically higher gains than the control treatment. When 

WCS was added to the diet at 20 or 25%), cattle gained less than those fed the control diet. 

Hot carcass weights were numerically lower for cattle fed the WCS diets than for those 

fed the control diet, which was suggested by the authors to be a function of the lower 

gains of the cattle fed high levels of WCS. 

In a 54-d feeding trial, Huerta-Leidenz et al. (1991) evaluated differences in 

performance by steers fed finishing diets containing 0, 15, or 30%) WCS. The diets were 

formulated to be balanced in major nutrients, except for dietary fat content in which the 

15% WCS diet contained 3.3%) more lipid than the control, and the 30% WCS diet 

contained 6.6% more lipid than the control. Initial animal BW was used as a covariate to 

adjust performance data. Adjusted ADG by the steers was numerically greatest for cattle 

fed 15% WCS at 1.15 kg/d compared with 1.03 kg/d for the 30% WCS and 0.95 kg/d for 

the control treatments; however, no differences (P > 0.05) were found for covariance-

adjusted ADG among treatments. The F:G ratio was similarly not affected (P > 0.05) by 

treatment. Hot carcass weight adjusted for initial live weight decreased (P < 0.05) with 

increasing dietary levels of WCS. Adjusted hot carcass weights for the treatments were 

233.1, 231.6, and 225.2 kg for the control, 15% WCS, and 30%) WCS diets, respecfively. 

Longissimus muscle area also decreased (P < 0.05) with increasing WCS addition. Cattle 

fed the control diet had similar longissimus muscle areas (P > 0.05) compared to the 15% 

WCS cattle (67.1 and 65.4 cm^), but the cattle fed the control diet had larger longissimus 

17 



muscle areas than those fed the 30%o WCS treatment (67.1 and 61.6 cm^). As a result of 

longissimus muscle area, yield grades increased (P < 0.05) with increasing WCS 

addition. Calculated values were 2.3, 2.7. and 2.9 for the control. 15% WCS. and 30% 

WCS treatments respectively. 

The results of these performance studies indicate that WCS can be added to 

finishing diets of cattle and possibly increase average daily gain and efficiency when 

WCS is added at levels of less than 20% of the dietary DM. A decrease in hot carcass 

weight may also result from WCS addiUon, particularly if the diets contain greater than 

20% WCS. This response could possibly be a function of gut fill. 

Escherichia coli 0157 

Escherichia coli 0157 was first implicated as a human pathogen after two 

outbreaks of hemorrhagic colitis in 1982 (Riley et al., 1983; Wells et al., 1983). Both 

reports implied that cattle were a possible source for the organism. Currently, the Centers 

for Disease Control estimates that 73,000 cases of infection and 61 deaths occur annually 

in the United States (CDC, 2003). 

A study conducted in 1999 evaluated fecal patties in various feedlots throughout 

the United States; 11% of the total 10,415 samples taken were positive for E. coli 0157 

and 58.8%o of the 422 pens sampled had at least one positive sample (NAHMS, 2000). A 

study by Elder et al. (2000) sampled feces from 327 carcasses at four midwestern packing 

plants, 27.8%) of the samples taken were positive for E. coli 0157. Keen and Elder 

(2002) evaluated feedlot catfle in Nebraska, and found that 60.4%) of the 139 cattle 



sampled tested positive for E. coli 0157 in the feces. Seven different sites on each 

animal were tested in this study. 96.4% of the 139 animals sampled tested positive on at 

least one site (Keen and Elder. 2002). Differences in percentages of positive samples 

reported between the studies are probably partly because of sampling differences. 

The results of the studies by NAHMS (2000). Elder et al. (2000). and Keen and 

Elder (2002) report higher percentages of positive E. coli 0157 samples than previously 

estimated; this resulted because of more sensitive laboratory isolation techniques now in 

use. Chapman et al. (1994) reported that the use of immunomagnetic separation could 

result in up to a 100-fold increase in the sensitivity of detection of E. coli 0157 in the 

feces of cattle compared with direct culture. The shedding of £. coli 0157 has also been 

reported to vary h\ season, with higher rates of shedding during the warmer months 

(Hancock et al.. 1994: Van Donkersgoed et al.. 1999): Gansheroff and O'Brien (2000) 

suggested that estimates of shedding from studies completed during cooler seasons may 

cause lower predictions of shedding, particularly during warmer periods. 

The presence of E. coli 0157 has been found in the drinking water of cattle on 

several occasions (Shere et al.. 1998; Rice and .lohnson. 2000: LeJeune et al.. 2001). 

Shere et al. (1998) isolated the bacteria from water tanks with ball-water ports, 

suggesting that contamination of the drinking water can occur through oral as well as 

fecal contact. Escherichia coli 0157 has been shown to replicate itself in a variety of 

common animal feeds (Lynn et al.. 1998). Shere et al. (1998) isolated E. coli 0157 not 

only from animal feed and water, but also from birds, insects, and wild animals often 

present around cattle feeding operations. Lynn et al. (1998) concluded that the increase 
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in the shedding of £ coli 0157 during the warmer months suggests that environmental 

replication of the organism may play an important part in the ecology of £ coli 0157 on 

cattle feeding operations. 

Several studies have evaluated the effects of WCS supplementation on the fecal 

shedding of £ coli 0157 in cattle (Hancock et al., 1994; Garber et al., 1995; Dargatz et 

al., 1997; Herriott et al., 1998; Buchko et al., 2000). In a study designed to identify 

associafions between the prevalence of £. coli 0157 and specific cattle management 

practices, Hancock et al. (1994) noted decreased shedding rates for cattle fed diets 

containing supplemental WCS. Garber et al. (1995) reported that feeding WCS to heifers 

before first calving resulted in no samples positive for £ coli 0157 in seven different 

herds that used this feeding practice. In contrast, Dargatz et al. (1997) found that 42.9% 

of feedlot pens in which cattle were fed WCS had positive samples for £ coli 0157, 

whereas only 24.4%o of feedlot pens in which no WCS was fed to have positive samples 

for £. coli 0157. Herriott et al. (1998) found no association between the feeding of WCS 

and shedding of £. coli 0157. In a study evaluating 26 dairy herds, 19 of the 25 (76.0%)) 

herds that did not feed WCS were found to be positive for £ coli 0157; eight of the 11 

(72.7%)) herds that did feed WCS were found to be positive for £ coli 0157 (Herriott et 

al., 1998). Buchko et al. (2000) evaluated the effect of different grain diets on fecal 

shedding of £ coli 0157. Following inoculation of the animals with £ coli 0157, fecal 

samples were taken every d for 67 d. No significant differences were found in the levels 

of £ coli 0157 shedding among the 85%) com, 85% barley, or 70%) barley and 15%o 

WCS diets on most sampling days. 
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The results of these studies indicate that more research is needed to investigate the 

effect of WCS supplementation in the diet on the shedding of £ coli 0157. It ma\- be 

important to note that two of the three studies found no correlation between WCS feeding 

and £ coli 0157 shedding focused on feedlot environments (Dargatz et al., 1997; 

Buchko et al.. 2000). 

Conclusions from the Literature 

In this review, WCS was evaluated for its effects on dietary effective fiber, fatty 

acid content, heat increment, digestibility, cattle performance, and the shedding of £ coli 

0157. Whole cottonseed appears to be a good source of fiber in high-concentrate diets, 

which, in turn, may produce greater feed intakes. As a function of a greater DMI. cattle 

may also gain weight more rapidly. As a result of the relatively high fat content of WCS. 

the lower heat increment associated with diets containing WCS is more a function of 

increased fat in the diet than of WCS itself The effects of WCS supplementation on the 

shedding of £ coli 0157 has been inconclusive, and more research should be conducted 

to determine how diet might affect £ coli 0157 in the digestive tract. Based on the 

review of the literature, WCS seems to be a valuable feed for the cattle industry, 

providing a good source of fiber, protein, and fat. 
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CHAPTER III 

MATERIALS AND METHODS 

Cattle 

On November 8, 2002. 91 crossbred steer and bull calves (15% bulls, initial BW 

= 230.4 ± 17.7 kg) were shipped from a facility in Meridian, MS to the Texas Tech 

University Burnett Center (New Deal. TX). On arrival, each animal was weighed (C & S 

Single-Animal Squeeze Chute [Garden City. KS] set on four Rice Lake Weighing 

Systems [Rice Lake. Wl] load cells) and given a uniquel\- numbered ear tag in the left 

ear; vaccinated against respiratory (Prism 9, Fort Dodge Anim. Health. Overland Park. 

KS) and clostridial pathogens (Vision 7 with Spun Intervet. Millsboro. DE); and 

administered moxidectin (Cydectin. Fort Dodge Anim. Health. Overland Park. KS). 

Horns were tipped as needed. The cattle were sorted into soil-surfaced pens and offered a 

65% concentrate diet. The cattle were used in a receiving study examining the effects of 

intranasal lysozyme on health of beef cattle (Rivera et al.. 2003b). The study protocol 

required that half (46) of the animals received a nasal dosage of a l\sozyme/zinc/carbopol 

mixture (1 niL per nostril). 

On November 21 2002, 43 additional steers (initial BW = 230.0 ± 18.6 kg) were 

shipped from the same facility in Meridian. MS to the Burnett Center. These cattle were 

processed in the same manner; however, each steer also was administered a 

metaphylactic dose of tilmicosin phosphate (1.5 mL/45.36 kg BW; Micotil. Elanco 

T ) 



Animal Health. Indianapolis, IN). These animals were sorted imo soil-surfaced pens and 

offered a 65%o concentrate diet. 

On December 5, 2003, all intact males were identified and surgically castrated (15 

animals). The following day, all animals were switched to a 75% concentrate diet. After 

the cattle were determined to have achiexed ad libitum intake levels, the steers were 

switched to an 85%o concentrate diet (December 14. 2003). For the next 4 mo. they were 

limit-fed the 85%) concentrate diet in quantities sufficient to achieve a daily weight gain 

of 0.91 kg. On February 18. 2003, all cattle were transferred from soil-surfaced pens into 

partially slatted-concrete floor pens in the Burnett Center. 

Treatment and Pen Assignment 

Approximately 2 wk before starting the trial, all cattle were weighed and 120 

animals with the most uniform BW were selected for use in the trial: the remaining 

animals were transferred to a pen and maintained according to standard operating 

procedures for the facility. The animals selected for study were stratified by BW into 

eight blocks consisting of 15 animals per block. Three treatments were assigned 

randomly within each block, resulting five animals per treatment within each block. One 

week before the trial began, cattle were sorted into their treatment pens. 

Experimental Diets and Treatments 

Treatments consisted of three different experimental diets (Table 3.1). All diets 

(standard [STD], whole cottonseed [WCS] and WCS equivalent [EQU]) were 



fonnulated to contain equal percentages of fat. The WCS and EQU diets were 

formulated to contain equal amounts of NDF. Tabular x'alues from the NRC (1996) were 

used for all ingredients except for WCS. Whole cottonseed was analyzed before starting 

the trial for percentages of NDF, CP, EE. and ash (Table 3.2). Values determined from 

the laboratory analyses were used in the diet formulation. 

Management. Feeding, and Weighing Procedures 

Feed samples for each treatment were collected weekly from a Rotomix 84-8 

mixer/delivery unit (Rotomix. Dodge City, KS) and DM was measured by drying 

overnight at 100°C. At the end of each 28-d period, samples were composited, and 

ground in a Wiley mill to pass a 2-inm screen. Dry matter. CP. and ADF were analyzed 

following each period. Ether extract, ash. NDF. Ca. and P were analyzed from a sample 

composited from each period at the end of the trial. All chemical analyses of the diets 

were performed according to the AOAC (1990). 

The three diets in this trial were each mixed in a 1.27-m'-capacity paddle mixer 

(Marion Mixers. Inc.. Marion, lA) and delivered by a drag chain conveyor to the Rotomix 

84-8 mixer/delivery unit. Diets were mixed for an average of 3 min in the Rotomix 84-8 

mixer/delivery unit and delivered to the treatment pens (± 0.45kg) by the use of load cells 

and indicator on the Rotomix 84-8 unit. 

Feed bunks from each pen in the trial were appraised visually each morning 

before feeding to determine the quantity of feed remaining from the previous day. The 

amount of feed to be delivered to the pen that day was then suggested, prepared, and 
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delivered. This process was designed for little or no accumulation of feed left in the 

bunk. When a pen of cattle left no feed in the bunk at the time of the bunk evaluation, 

feed delivered to the pen was increased 0.2 kg/steer. 

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

(Ohaus electronic scale. ± 0.045 kg; Pine Brook. N.I). A sample of each ort was then 

taken and dried in a forced-air oven for approximate!) 24 h to determine DM content of 

the ort. Average DMI by a pen was determined by subtracting the DM content of the 

refused feed at the end of the period by the amount of DM delivered to the pen for the 

entire period. The corrected total of DM delivered was then divided by the number of 

animal days to determine average DMI by each steer in the pen. 

Cattle were weighed individually on d 0. 56. and at their respective shipping 

dates. On d 0. steers in Blocks 1. 2, and 3 were implanted with a single Revalor S 

implant (Intervet) in the right ear: steers in Blocks 4 through 8 were implanted with a 

single Ralgro implant (Shering Plough Anim. Health. Union. N.T) in the right ear. On d 

56. steers in Blocks 4 through 8 were reimplanted with a single Revalor S implant in the 

right ear. Cattle were weighed on a pen basis using a platform scale (± 2.27 kg) on d 28, 

84, and 112. One day before each scale was to be used, it was calibrated with 453.6 kg of 

certified weights (Texas Department of Agriculture). 

Carcass Evaluation 

When a majority of the cattle within each block was determined to have 

accumulated 28%) body fat (low Choice USDA quality grade) by visual appraisal, the 
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block was shipped to the Excel Corp. slaughter facility in Plainx'iew. TX. One steer in 

the control treatment was pulled from the trial because of urinary calculi: therefore, onh 

119 steers on the trial were shipped to the slaughter facility. Total days on feed for each 

block and a weighted average of the entire group are presented in Table 3.4. Personnel 

from Texas Tech University followed the cattle to the Excel Corp. slaughter facility to 

obtain carcass data. Measurements included hot carcass weight (HCW). liver abscess 

score, longissimus muscle area, marbling score of the longissimus muscle, percentage of 

kidney, pelvic, and heart (KPH) fat, fat thickness at the VA measure of the longissimus 

muscle, and USDA yield and quality grades. Liver abscess scores were measured as X = 

no abscesses. A-. A. or A+. 

Microbiological Analyses 

Fecal samples were taken directly from the rectum of each steer at the beginning 

of the trial, d 56, and on shipping dates. Hide swabs were taken over a 600-cm" area near 

the perineum on the right side of each animal on shipping dates. These samples were 

analyzed for the presence of £ coli 0157. The laboratory method used to determine the 

presence of £ coli 0157 has been described by Leagreid et al. (1999). Ninety milliliters 

of GN-VCC broth (GN broth with 8 i-ig/mL of vancomycin. 50 ng/mL of cefixime, and 

10 |j,g/inL cefsulodin) were inoculated with approximately 10 g of feces and incubated at 

37°C for 6 h. One milliliter of the previously mentioned culture was then mixed with 20 

)j,L of anti-£. coli 0157 Dynabeads (Dynal Biotech, Oslo, Noî way) and mixed with a 

Labquake mixer (Barnstead/Thermolyne, Dubuque, lA) for 30 min. Beads were washed 
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three times with PBS-Tween 20. and 25 ^xL of the bead-bacteria mixture was plated onto 

CT-SMAC plates (SMAC containing 50 ng/niL of cefixime and 2.5 |ig/mL of tellurite). 

Plates were incubated overnight at 37°C. Two colorless colonies were picked and 

streaked for isolation on CT-SMAC plates to verify the purity of the colonies. Plates 

were incubated overnight at 37°C. A single presumptive colony was selected and 

inoculated onto MacConkey agar and Fluorocult £ coli 0157:H7 agar (EM Science. 

Gibbstown. N.T) plates and incubated overnight at 37°C. Positive colonies were then 

inoculated in a MacConkey broth, TSB broth, and TSI slant and incubated for 24 h at 

37°C. Positive colonies were then verified with an £ coli 0157 latex agglutination kit 

(Remel. Lenexa, KS) using colonies from the previously mentioned MacConkey plates. 

Ninety milliliters of GN-VCC broth were poured into plastic bags containing the 

hide swabs; thereafter, analysis of hide swabs followed the same methodology as for 

feces. The immunomagnetic separation step (anti-£. coli 0157 Dynabeads) ensured that 

detection of minute amounts of £ coli 0157 would be more sensitive than direct plating 

(Chapman. 1994). 

Statistical Analyses 

Data for BW. DMI, ADG. F:G, HCW, carcass-adjusted variables (calculated as 

HCW/ average dressing percent), and non-discrete carcass characteristics were analyzed 

as a randomized complete block design using the Proc Mixed procedure of SAS Release 

8.02 (SAS Institute Inc., Gary, NC). Non-parametric USDA quality grade data were 

transformed using Cochran's test for related observations (Conover, 1999) by assigning a 
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value of 1 to quality grades of Choice or higher and a value of 0 to quality grades of 

Select or lower. Liver abscess data were transformed in the same manner by assigning a 

value of 1 to a contaminated liver and a value of 0 to a normal liver. £ coli 0157 

shedding data were transformed by assigning a value of 1 for the presence of £ coli 

0157 and a value of 0 for the absence of the organism. All the transformed data (USDA 

quality grade, liver abscess score, and £ coli 0157 shedding data) were then analyzed by 

the procedure described previously for non-discrete data. When the overall F-value for 

treatment was significant (P < 0.10), least squares means were separated using the PDIFF 

statement in SAS. 
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Table 3.1. Ingredient composition (% DM basis) of a standard finishing diet (STD), a 
diet containing 15.10%o whole cottonseed (WCS), and a whole cottonseed equivalent diet 
(EQU) formulated to contain percentages of fat and NDF equal to the WCS diet 

Treatment 

Ingredient SJD WCS EQU 

Steam-flaked corn 76.58 

i^ 

67.53 

15.10 

-

4.92 

4.99 

4.17 

66.49 

-

7.12 

2.32 

4.92 

11.68 

4.17 

Whole cottonseed 

Cottonseed meal 3.59 

Cottonseed oil 

Alfalfa hay 4.92 

Cottonseed hulls 4.99 

Molasses 4.18 

Tallow 2.14 

Urea 0.87 0.55 0.55 

Limestone 0.25 0.25 0.25 

Supplements^ 2^18 149 150. 

"Composition of the whole cottonseed is shown in Table 3.2. 

''Composition of the supplement premix is shown in Table 3.3. 
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Table 3.2. Chemical composition of the whole cottonseed used in the trial 

Item 

Dry matter. % 90.13 

%. DM basis 

Neutral detergent fiber 52.51 

Crude protein 21.44 

Ether extract 17.41 

Ash 1 5 i . 



Table 3.3. Composition of the premix used in the experimental diets 

Ingredient 

Cottonseed meal 

Kemin Endox" 

Limestone 

Dicalcium phosphate 

Potassium chloride 

Magnesium oxide 

Ammonium sulfate 

Salt 

Cobalt carbonate 

Copper sulfate 

Iron sulfate 

EDDI 

Manganous oxide 

Selenium premix. 0.2%) Se 

Zinc sulfate 

Vitamin A. 650.000 lU/g^" 

Vitamin E. 275 lU/g"" 

Rumensin, 176.4 mg/kg'' 

Tvlan. 88.^ mg/kg''' 

%. DM basis 

23.363 

0.500 

42.105 

1.036 

8.000 

3.559 

6.667 

12.000 

0.002 

0.157 

0.133 

0.003 

0.267 

0.100 

0.845 

0.012 

0.126 

0.675 

0.450 

"Kemin; Des Moines, lA 

''Roche; Nutley, NJ 

'̂ Elanco Animal Health; Indianapolis, IN 

''Concentrations noted by the ingredient are on a 90% DM basis. 
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Table 3.4. Days on feed for each block 

Block Days on feed 

1 84 

2 105 

3 105 

4 133 

5 133 • 

IJJ 

LJJ 

I JJ 

Weighted average 120 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Diet Analyses and Net Energy Calculations 

Chemical composition of the diets is shown in Table 4.1. Values were generally 

in agreement with expectations based on formulation with the exception of ether extract. 

All diets were formulated to contain 5.72 to 5.74%o fat, but results from ether extract 

analysis indicated much higher values. Actual dietary fat may have been slightly higher 

than formulated because of higher fat values for feedstuffs than indicated by the NRC 

(1996). However, because the dietary ether extract values should not be as high as the 

analyzed values, it is possible that the petroleum ether extract procedure used for analysis 

removed feed constituents in addition to the lipids contained in the diets. 

Calculations of the NEm and NEg content of each diet were made by two 

different methods. The first method used the tabular energefic values for each feedstuff 

in the diet provided by NRC (1996). The second method used animal performance data 

to estimate the energy content of the diets. This quadratic equation was derived from 

other equations in the NRC (1996) and has been described previously by Zinn and Shen 

(1998). Briefly, the equation to calculate dietary NEm used terms for maintenance 

energy expended (EM), daily energy deposited (EG), and DMI in the quadratic form, x = 

[-b±V(b^ - 4ac)]/2c, where a = -0.41 EM. b = 0.877EM + 0.41 DMI + EG, and c = 

-0.877DMI. The NEg values were then calculated from the equation, NEg = 0.877NEm 

- 0.41. Results using both methods are presented in Table 4.2. Based on values used for 
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diet formulation, the NEm and NEg values for the STD and WCS diets were similar, w ith 

a slightly lower energy content for the EQU diet. When calculating NEm and NEg 

values from animal performance, values increased, suggesting a slight underestimation of 

the energetic value of the feedstuffs by tabular values. All dietary energetic estimates did 

not increase b\' the same proportion using the performance method of calculation, 

increases in the estimates of NEm and NEg were greatest for the EQU diet, intermediate 

for the STD diet, and least for the WCS diet. This finding suggests that the energetic 

values of cottonseed oil or cottonseed meal, major components of the EQU diet, maybe 

underestimated more than other ingredients. The possibility of cottonseed oil being 

energetically underestimated may be plausible because cottonseed oil is highly 

unsaturated and would likely inliibit ruminal methanogens (Jenkins. 1993). Because the 

production of methane represents a loss in energy, cottonseed oil may have greater effects 

on the dietary energy concentration than more highly saturated fats. 

Dry Matter Intake 

Dry matter intake data are presented in Table 4.3. Differences in DMI were 

detected among treatments for the entire trial (P = 0.056). and for d 0 to 28 (P = 0.006), d 

0 to 56 (P = 0.010), and d 0 to 84 (P = 0.024). Steers fed the WCS diet consumed more 

feed by period, as well as throughout the entire trial, than steers fed the STD or EQU 

diets (P < 0.091). The DMI intake data did not differ between the STD and EQU diets by 

period or for the total duration of the trial (P > 0.439). 
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The increase in DMI by cattle fed the WCS diet is likely attributable to the higher 

NDF content of the WCS diet. The NDF content of the WCS diet was determined to be 

over 12%o greater than the NDF content of the STD diet (30.03% vs. 17.77%)). This 

response has been noted in previous studies. Defoor et al. (2002) reported increased DMI 

by finishing beef heifers as the NDF content of the diet increased. Utle\' and McCormick 

(1980) observed an increase in DMI from steers fed a pelleted bermudagrass supplement 

compared with a urea-cottonseed meal- or whole cottonseed-supplemented diet. Analysis 

of each diet in the Utley and McCormick (1980) study indicated that the pelleted 

bermudagrass diet contained more crude fiber (9.60%) than the urea cottonseed meal-

and whole cottonseed-supplemented diets (2.49 and 4.87%), respectively). In one 

experiment by Bartle et al. (1994), steers linearly increased intake (P < 0.001) as the 

roughage level of the diet increased. Galyean and Defoor (2003) suggested that energy 

dilution of the diet might cause greater feed intakes in cattle fed high-concentrate diets 

when diets with large differences in NDF content are compared. Cattle may compensate, 

or sometimes overcompensate, by consuming more feed to reach the same energy level 

when intake does not become limited by fill (Galyean and Defoor, 2003). 

Although the EQU diet contained almost 9% more NDF than the STD diet (26.61 

vs. 17.77%). no increase in DMI was detected for the cattle consuming the EQU diet over 

those fed the STD diet. One possible explanation for this finding is that some of the fat 

from the WCS diet was protected within the seed coat as discussed by Baldwin and 

Allison (1983). It is therefore reasonable to assume that the EQU and STD diets resulted 

in more free fat within the rumen. This increase in fat could have decreased ruminal 



digestibility of the fibrous portion of the diet. Unsaturated fatty acids can greatly inhibit 

ruminal microbes, particularly the cellulolytic organisms in the rumen, resultin" in 

decreased fiber digestion (Jenkins. 1993; Pantoja et al.. 1994). As the fiber portion of the 

diet was less digestible, it could have been retained within the rumen for longer periods 

of time, resulting in greater ruminal fill. The EQU diet contained more fiber than the 

STD diet: hence, fiber might have accumulated in the rumen resulting in little response in 

DMI by cattle fed the EQU diet because of limits in ruminal capacity. This conclusion is 

supported by the findings of Moore et al. (1986). Moore et al. (1986) evaluated different 

sources of supplemental fat with a high-fiber basal diet (61.8 to 68.9%) wheat straw). 

Ruminal DM digestibility was greater (P < 0.05) for a diet containing WCS than the 

ruminal DM digestibilities of diets containing cottonseed oil or animal fat. Nonetheless, 

Zinn and Plascencia (1992) found no statistical difference in ruminal ADF digestibility 

between a diet that contain 5%o yellow grease and a diet containing 20% WCS. Alfalfa 

ha\ was the roughage source in this study, so it is possible that the digestibility of alfalfa 

may not be as adversely affected by fat as that of cottonseed hulls. 

The ruminal dispersion characteristics of cottonseed hulls could have 

compounded the effects of fat within the rumen. Cottonseed hulls have been found to 

mix with ruminal contents rather than forming a fibrous mat within the rumen (Church, 

1998; Moore et al., 1990). In contrast, Coppock et al. (1985a) concluded that linted WCS 

stratified within the rumen and contributed to the fibrous mat. Moore et al. (1990) 

determined that cottonseed hulls tended to pass more slowly from the rumen than alfalfa 

hay. Thus, it may then be reasonable to assume that the negative effects of the 



unsaturated fat on fiber digestion were exacerbated in cattle fed the EQU diet because 

cottonseed hulls mixed with ruminal contents and remained in the rumen for longer 

periods of time. As a result, steers consuming the EQU diet could have been limited in 

DMI by ruminal fill because the fibrous portion of the diet was less digestible and passed 

more slowly through the rumen. 

Average Daily Gain and Feed Efficiency 

Results for ADG and F:G data are presented in Table 4.4. Overall F tests were 

significant for ADG fi-om d 0 to 28 (P = 0.024) and from d 0 to 56 (P = 0.076). Overall F 

tests were not significant for ADG from d 0 to 84 (P = 0.137), nor was the F test 

significant for the entire feeding period (P = 0.521). As noted previously, carcass-

adjusted ADG was calculated using an adjusted final BW by dividing HCW by the 

average dressing percent for all the animals. The overall F test for carcass-adjusted ADG 

did not differ (P = 0.305) among treatments. Steers fed the WCS diet gained weight more 

rapidly than the steers fed the EQU diet from d 0 to 28 (P = 0.008) as well as d 0 to 56 (P 

= 0.027). Steers fed the STD diet gained more rapidly than steers fed the EQU diet from 

d 0 to 28 (P = 0.055). Because of the differences in fiber level among the diets, period 

differences in ADG may have been influenced by differences in gut fill and should 

therefore be viewed with some caution. 

Overall F tests for feed efficiency, expressed as feed-to-gain ratio, were 

significant for d 0 to 28 (P - 0.088) and d 0 to 84 (P = 0.009). Separation of the 

treatment means revealed that the conversion ratio for the cattle fed the EQU diet was 
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greater (less efficiem) than that for the cattle fed the STD and WCS diets from d 0 to 28 

(P < 0.100). Steers fed the STD diet used feed more efficiently from d 0 to 84 than steers 

fed the WCS and EQU diets (P < 0.036). Overall F tests were not significam for d 0 to 

56 (P = 0.132) and the entire trial (P = 0.225). The overall F test was significant for 

carcass-adjusted feed conversion (P = 0.009). which was calculated by dividing DMI b>-

the carcass-adjusted ADG. The carcass-adjusted feed efficiency of the cattle fed the STD 

diet was lower (more efficient) than that of the cattle fed the WCS and EQU diets (P < 

0.010). 

The greater ADG by the steers fed the WCS diet compared with the cattle 

consuming the EQU diet during the first two periods of the trial was a result of the 

greater DMI by the cattle fed the WCS diet. The more efficient conversion ratio from d 0 

to 28 of the cattle fed the WCS diet compared with the cattle fed the EQU diet may have 

resulted from a decrease in ruminal digestibility of the EQU diet because of greater 

amounts of free fat within the rumen, as previously discussed. 

The increase in ADG by cattle fed the STD diet compared with cattle fed the 

EQU diet from d 0 to 28 was most likely caused b>' the higher energy content of the STD 

diet. Cattle fed the STD and EQU diets did not differ in the amounts of DM consumed; 

however, because the STD diet had a greater energy concentration than the EQU diet, 

cattle fed the STD diet consumed more energy, resulting in an increase in ADG as well as 

a more efficient F:G ratio. The STD diet also contained more energy than the WCS diet; 

therefore, this same line of thought can explain why steers fed the STD diet were more 

efficient than cattle fed the WCS and EQU diets for the feeding period from d 0 to 84. 



Although not significant, carcass-adjusted ADG values were numerically greatest 

for the steers fed the STD diet (1.63. 1.56, and 1.50 kg/d for the STD. WCS. and EQU 

diets, respectively). The carcass-adjusted feed efficiency was more efficient (P < 0.010) 

for the cattle fed the STD diet. This result was most likely caused b\' the increase in gut 

fill b> the cattle fed the WCS and EQU diets compared with the STD diet. The WCS and 

EQU diets contained greater amounts of fiber; therefore, cattle fed the WCS and EQU 

diets consumed more fiber, causing an increase in ruminal volume and mass. Church 

(1988) noted that ruminal volume is greater when diets contain more roughage. 

Harvatine et al. (2002) reported a linear increase (P < 0.01) in the mass of ruminal DM 

with increasing concentrations of WCS in the diet. The passage rate for concentrates is 

usuall)' 10%o faster than the passage rate of roughage particles (Church. 1988). Therefore, 

when cattle are slaughtered at an equal final BW. cattle that are fed more fiber will have 

greater gut contents and lighter HCW. Adjusted final BW was calculated by dividing the 

HCW by the average dressing percent for all the steers in the trial. If steers fed the WCS 

and EQU diets had more gut fill, the HCW of steers fed the WCS and EQU diets would 

be lower than those of steers fed the STD diet at equal live weights, dressing percents for 

steers fed the WCS and EQU diets also would be expected to be lower than those of 

steers fed the STD diet, resulting in heavier adjusted final BW by steers fed the STD diet. 

This would explain the numerically higher carcass-adjusted ADG and more efficient 

adjusted F:G ratio by steers fed the STD diet. Effects of treatment on carcass weight and 

dressing percent will be discussed in the following section. Lighter carcass weights with 
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steers fed diets containing WCS compared with steers fed a control diet have been 

previously noted by Preston et al. (1989) and Huerta-Leidenz et al. (1991). 

Carcass Characteristics 

Carcass characteristics are presented in Table 4.5. No differences were detected 

among treatments for fat thickness at the V^ measure of the longissimus muscle (P = 

0.133). longissimus muscle area (P = 0.602), KPH fat (P = 0.319). HCW (P = 0.168). 

USDA yield grade (P = 0.198). USDA quality grade (P = 0.821). and liver abscess score 

(P = 0.272). Overall F tests were significant for marbling score of the longissimus 

muscle (P = 0.058) and dressing percent (P = 0.061). Separation of the treatment means 

for marbling score revealed that steers fed the STD diet exhibited higher marbling scores 

of the longissimus muscle than steers fed the WCS and EQU diets (P < 0.081). Mean 

separation of dressing percent data indicated that steers fed the STD diet had higher 

dressing percents than steers fed the WCS and EQU diets (P < 0.058). 

One possible explanation for differences detected in marbling score among 

treatments in the present study may be related to fiber level in the diet. However, 

differences found in marbling score among treatments may be of limited importance 

because they did not relate to differences in quality grade. A majority of the steers in 

each treatment graded low Choice or higher (64.1%. 57.5%, and 57.5% for steers fed the 

STD, WCS. and EQU diets, respectively). No differences in marbling score were noted 

when finishing cattle were fed control diets or diets containing WCS in previous studies 

(Preston et al.. 1989; Huerta-Leidenz et al.. 1991). 
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Although not statistically significant, steers fed the STD diet had numerically 

higher HCW than steers in the other two groups (357.3, 353.9, and 346.9 kg for steers fed 

the STD. WCS, and EQU diets, respectively). Moreover, steers fed the STD diet had 

significanth' higher dressing percents than steers fed the WCS and EQU diets. This 

finding supports the previous discussion relative to differences in gut fill among the 

treatments. Hence, it is probable that steers fed the WCS and EQU diets consumed 

greater amounts of fiber increasing ruminal volume and mass, resulting in lower dressing 

percents than in steers fed the STD diet. 

Escherichia coli 0157 

The £ coli 0157 prevalence data are presented in Table 4.6. No differences were 

detected among treatments for fecal shedding on d 0 (P = 0.229), d 56 (P = 0.342). or at 

slaughter (P = 0.739). Nor was hide prevalence different among treatments at slaughter 

(P = 0.973). No explanation has been offered for the decrease of fecal £ coli 0157 in 

cattle fed diets containing WCS found in two previous studies (Hancock et al., 1994; 

Garber et al.. 1995). Perhaps this decrease in £ coli 0157 shedding resulted from the 

fact that unsaturated fat in WCS is protected by the seed coat and avoids ruminal 

biohydrogenation. This unsaturated fat could then possibly be released in the intestines, 

inliibiting the growth of £ coli; however, it seems this was not the case in the present 

study. Assuming that some of the fat in WCS was protected by the seed coat in the 

rumen and escaped ruminal biohydrogenation, it was either not present in high enough 

concentrations in the intestines or was digested too quickly to inhibit growth of £ coli. 
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Similar to the present results, no changes in £ coli 0157 shedding by cattle fed diets 

containing WCS have been reported by Dargatz et al. (1997). Heniott et al. (1998). and 

Buchko et al. (2000). 

The £. coli 0157 prevalence rates decreased from d 56 to slaughter. Such 

decreases as animals approach slaughter weights have been reported by Brashears et al. 

(2003). This phenomenon might be partly attributable to an increase in leptin 

concentration in the blood plasma. Leptin is a protein synthesized mainly by adipose 

tissue (Faggioni et al.. 2001). Minton et al. (1998) found that circulating leptin 

concentrations are positively correlated with increasing measures of carcass fatness in 

finishing cattle. This conclusion is supported by the findings of Delavaud et al. (2002). in 

which the authors noted increasing concentrations of leptin in blood plasma with 

increasing levels of body fat in cows. Faggioni et al. (2001) stated that leptin may play a 

significant role in the immune response. It has a structure that suggests it functions 

similarly to cytokines, and leptin plays a role in both the innate and acquired immune 

responses (Faggioni et al.. 2001). Martin-Romero et al. (2000) proposed that leptin may 

enhance the effect of stimuli on the activation of T lymphocytes in humans. Therefore, it 

seems reasonable that in the present study, circulating leptin concentrations were greater 

in steers at the time of slaughter than on d 56. This increase in leptin may have been 

associated with an increased immune response to the presence of £ coli 0157 in the 

intestines, helping to decrease the number of steers shedding the organism in their feces. 

The role of leptin in the immune response has also been evaluated in several other studies 
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(Lord et al.. 1998; Faggioni et al., 1999; Fantuzzi and Faggioni. 2000; Mancuso et al. 

2002). 
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Table 4.1. Chemical composition of a standard finishing diet (STD). a diet containini 
15.10% whole cottonseed (WCS), and a whole cottonseed equivalent diet (EQU) 
formulated to contain percentages of fat and NDF equal to the WCS diet" 

Treatment 

Item SID WCS EQU 

82.44 

15.48 

26.61 

12.72 

9.34 

4.65 

0.63 

0.30 

Dry matter, % 

Acid detergent fiber, %o 

Neutral detergent fiber, % 

Crude protein, %> 

Ether extract, % 

Ash, % 

Ca, % 

P.% 

83.13 

9.33 

17.77 

12.74 

9.93 

4.18 

0.59 

0.27 

83.13 

17.26 

30.03 

13.42 

10.79 

4.87 

0.62 

0.30 

"AH values excluding Dry matter, % are expressed on a DM basis. 
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Table 4.2. Dietary net energy calculations based on performance data for cattle fed a 
standard finishing diet (STD), a diet containing 15.10% whole cottonseed (WCS). and a 
whole cottonseed equivalent diet (EQU) formulated to contain percentages of fat and 
NDF equal to the WCS diet 

Formulation prediction" NEm NEg _ ^ _ 

STD 2.13 1.45 

WCS 2.11 1.44 

EQU 2.01 1.35 

Performance prediction" NEm NEg SD. NEm^ SD. NEg" 

STD 

WCS 

EQU 

2.31 

2.21 

2.24 

1.62 

1.53 

1.55 

0.094 

0.083 

0.070 

0.083 

0.073 

0.063 

"Determined from diet formulation using tabular NEm and NEg values from the NRC 
(1996) for each feedstuff included in the diet. 

"Determined by the quadratic equation described in the text using animal performance 
data to predict dietary energetic values. 

"^Standard deviation of the NEm estimate. 

''standard deviation of the NEg estimate. 
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Table 4.3. Dry matter intake by cattle fed a standard finishing diet (STD). a diet 
containing 15.10%o whole cottonseed (WCS). and a whole cottonseed equivalent diet 
(EQU) formulated to contain percentages of fat and NDF equal to the WCS diet 

Treatment 

DMI. kg/steer STO WCS EQU SE" 

d 0 to 28 

d 0 to 56 

d 0 to 84 

d 0 to end" 

"Pooled standard error of the means, n = 8 pens per treatment. 

''Cattle in Block 1 were on feed for 84 d. cattle in Blocks 2 and 3 were on feed for 105 d. 
and cattle in Blocks 4 through 8 were on feed for 133 d. 

'̂ •''within row. means that do not have a common superscript differ (P < 0.091). 

7.65'̂  

8.11' 

8.15' 

8.11' 

8.27'' 

8.75" 

8.80" 

8.70" 

7.59' 

8.13' 

8.30' 

8.29' 

0.174 

0.237 

0.241 

0.250 
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Table 4.4. Average daily gain and feed efficiency by cattle fed a standard finishing diet 
(STD), a diet containing 15.10%) whole cottonseed (WCS), and a whole cottonseed 
equivalent diet (EQU) formulated to contain percentages of fat and NDF equal to the 
WCS diet 

Item 

ADG, kg/d 

d 0 to 28 

d 0 to 56 

d 0 to 84 

d 0 to end" 

Adj. do to end' 

Feed: gain 

d 0 to 28 

d 0 to 56 

d 0 to 84 

d 0 to end" 

Adi. d 0 to end' 

STD 

1.96" 

1.86"'-' 

1.75 

1.57 

1.63 

4.01" 

4.40 

4.67" 

5.22 

5.00" 

Treatment 

WCS 

2.05" 

1.93" 

1.80 

1.61 

1.56 

4.08" 

4.55 

4.89' 

5.42 

5.59' 

EOU 

1.77' 

1.73' 

1.66 

1.53 

1.50 

4.33' 

4.71 

5.01' 

5.43 

5.54' 

SE" 

0.115 

0.086 

0.059 

0.076 

0.059 

0.170 

0.119 

0.084 

0.127 

0.126 

"Pooled standard error of the means, n = 8 pens per treatment. 

"Cattle in Block 1 were on feed for 84 d, cattle in Blocks 2 and 3 were on feed for 105 d, 
and cattle in Blocks 4 through 8 were on feed for 133 d. 

'Adjusted final BW was calculated as hot carcass weight/average dress of 0.622. 
Adjusted daily gain was calculated as (adjusted final BW - initial BW)/days on feed. 
Carcass-adjusted feed:gain was the ratio of daily DMI and adjusted daily gain. 

"•'Within row. means that do not have a common superscript differ (P < 0.10). 
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Table 4.5. Carcass characteristics by cattle fed a standard finishing diet (STD). a diet 
containing 15.10%) whole cottonseed (WCS). and a whole cottonseed equivalent diet 
(EQU) fonnulated to contain percentages of fat and NDF equal to the WCS diet 

Item 

Hot carcass wt. kg 

Dressing percent 

LM area, cm"" 

Grade fat" 

KPH, %)' 

Yield grade 

Marbling score" 

Choice, %' 

Select, %' 

Liver abscess. Vo 

STD 

357.3 

63.00°-

92.32 

0.949 

2.78 

2.40 

481' 

64.17 

35.83 

7.69 

Treatment 

WCS 

353.9 

61.71" 

89.97 

0.959 

2.60 

2.47 

438' 

57.50 

42.50 

2.50 

EOU 

346.9 

61.91" 

91.74 

0.826 

2.64 

2.20 

422' 

57.50 

42.50 

12.50 

SE" 

5.27 

0.441 

1.909 

0.052 

0.087 

0.110 

16.4 

-

_ 

"Pooled standard error of the means, n = 8 pens per treatment. 

"LM = longissimus muscle; grade fat was measured at the % measure of the split lean 

surface at the 12/13'" rib interface. 

'KPH = percentage of kidney heart and pelvic fat. 

"300 = Slight 00; 400 = Small 00; 500 = Modest 00. 

'Distribution of Choice + Prime vs. Select + Standard carcasses did not differ among 

treatments (P = 0.821). 

'Distribution of liver abscesses did not differ among treatments (P = 0.272). 

^•"within row. means that do not have a common super script differ (P < 0.058). 

'"'Within row. means that do not have a common super script differ (P < 0.081). 
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Table 4.6. Fecal and hide presence of Escherichia coli 0157 by cattle fed a standard 
finishing diet (STD), a diet containing 15.10%) whole cottonseed (WCS), and a whole 
cottonseed equivalent diet (EQU) formulated to contain percentages of fat and NDF equal 
to the WCS diet" 

Treatment 

Item SJD WCS EQU 

FecaUdO" 0.00 2.50 10.00 

Fecal, d 56' 53.85 

Fecal, slaughter"' j j . j j 

Hide, slaughter'^ 28.21 

67.50 

27.50 

30.00 

70.00 

35.00 

30.00 

"No differences detected among treatments for any sampling date (P > 0.229) 

"Percentage of steers positive for the detection of Escherichia coli 0157 in the feces at 
the initiation of the trial. 

'Percentage of steers positive for the detection of Escherichia coli 0157 in the feces on d 
56 of the trial. 

"Percentage of steers positive for the detection of Escherichia coli 0157 in the feces 
immediately before shipment to slaughter. 

'Percentage of steers positive for the detection of Escherichia coli 0157 on the hide 
immediately before shipment to slaughter. Hide swabs were taken over a 600-cnr area 
near the perineum on the right side of each animal. 

'Cattle in Block 1 were on feed for 84 d. cattle in Blocks 2 and 3 were on feed for 105 d. 
and cattle in Blocks 4 through 8 were on feed for 133 d. 
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CHAPTER V 

CONCLUSIONS 

Whole cottonseed may have a place in beef diets when it can be purchased at 

lower costs than traditional sources of fat and protein. Unless adjustment is made for 

total dietary fiber, when WCS is added into the diet, cattle will most likely consume more 

feed and perforin similarly to those fed a standard finishing diet when measurements are 

taken on a live weight basis. However, cattle may tend to convert feed to weight gain 

less efficientiy, especially when gut fill is taken into account. If total dietary fiber is 

increased by addition of WCS, cattle fed WCS will also likely exhibit lower dressing 

percents than those fed a standard finishing diet, which may be of significance when 

marketing finishing cattle on a formula or grid basis. Based on present results, WCS-

supplemented diets are not likely to have any effects on the prevalence of £ coli in 

finishing cattle. 

Future research designed to evaluate the effects of WCS as the sole roughage 

source in high-concentrate diets may be beneficial as a way to eliminate the effects of 

increased dietary fiber in finishing diets detected in the present study. Other potential 

research possibilities pertaining to WCS might be to evaluate the effects of processed 

WCS, perhaps in roasted, extruded, or pelleted form, in beef finishing diets, ft is possible 

that WCS in an altered form may have slightly different effects on beef cattle 

performance and £ coli shedding. In addition, research designed to evaluate the effects 
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of leptin concentrations in the blood stream on £ coli shedding by cattle may provide a 

valuable insight into factors that affect shedding of this organism b>' beef cattle. 
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