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In the first trial, fifty individually fed Angus x Brahman crossbred steers and 

heifers (250 kg initial BW) were utilized to evaluate the effects of citrus pulp or corn 

supplementation with varying levels of bypass protein on performance.  Calves were 

stratified by weight, sex, and breed type and randomly assigned to treatment.  Treatments 

consisted of corn or citrus pulp supplements with added bypass protein (SoyPLUS).  Five 

levels of bypass protein were evaluated including 0, 0.055, 0.11, 0.165, and 0.22 kg per 

head per day.  These levels were utilized for both corn and citrus pulp supplements for a 

total of ten isonitrogenous and isoenergetic treatments.  All calves were offered a basal 

diet of low quality bahia grass hay (ad libitum) and fed the assigned supplement once a 

day.  Hay and supplement were individually fed for 84 days using Calan gates.  Average 

daily gain (ADG) and body condition score (1-9 scale) were evaluated every twenty-eight 

days.  Average daily gain increased linearly (P=0.001) as level of supplemented bypass 

protein increased, with the highest level producing 0.393 kg more ADG than the lowest 

x 



level.  Type of supplementation had a significant effect (P < 0.001) on total hay dry 

matter intake.  Calves supplemented with corn consumed 0.7 kg more hay per animal per 

day than those supplemented with citrus pulp.  Increasing levels of bypass protein caused 

a significant decrease in hay intake (P < 0.01).  Body condition score was not affected by 

type of supplementation or inclusion level of bypass protein.  Adding bypass protein to 

corn and citrus pulp supplements fed to growing cattle increased gain. 

In trial two, one hundred fifty Angus x Brahman crossbred calves (69 steers and 83 

heifers) averaging 241 kg body weights were utilized in a 42 day preconditioning 

program.  These calves were stratified by weight, sex, and breed type then randomly 

assigned to one of four supplemental treatments.  Treatments consisted of control 

(CONTROL; no supplement), citrus pulp (CITR), citrus pulp with 0.22 kg of added UIP 

(CITR+UIP), or citrus pulp with added urea (CITR+UREA).  Te CITR+UREA treatment 

was formulated to be isonitrogenous to the CITR+UIP treatment. 

Supplemented calves had higher 42 d. ADG than unsupplemented calves (P < 

0.01).  There was a treatment effect (P < 0.01) on 42 d. ADG as well (Figure 4-1).  The 

CITR+UIP treatment produced the greatest 42 d. ADG (0.43 kg), while CITR and 

CIRT+UREA had an intermediate 42 d. ADG (0.33 and 0.24 kg respectively).  Animals 

on the control treatment had the lowest 42 d. ADG (0.14kg).  

Animal sex tended (P = 0.09) to have an effect on 42 d. ADG.  Animal breed type 

also tended (P = 0.06) to have an effect on 42 d. ADG.  An economic evaluation of the 

treatments showed that the most profitable treatment was CITR+UIP and the least 

profitable was CITR+UREA.   
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CHAPTER 1 
INTRODUCTION 

Forages contribute the majority of nutrients the diet of most beef cattle.  Many 

times forages are inadequate at meeting the requirements of cattle, especially growing 

cattle.  Many Florida forages commonly used for summer grazing and hay can be a poor 

source of energy and protein, depending on the species, age, and season.  This results in 

the need for supplementation.  Citrus pulp is a readily available, energy concentrate 

byproduct feedstuff that is an economical supplement for Florida cattlemen. 

Extensive research evaluating citrus pulp as a supplement for cattle was conducted 

in the 1950’s and 1960’s.  These studies have shown that citrus pulp is readily consumed 

by cattle and can produce similar gains to corn products (Scott, 1926; Chapman et al., 

1961; Ammerman et al., 1963).  Citrus pulp is a good energy supplement, but is low in 

protein.  Therefore, additional protein may increase animal performance or improve 

utilization of citrus pulp supplements, resulting in a more economical supplement for 

growing cattle.   

Depending on the physiological state of the animal, forage quality and intake, 

microbial protein can provide adequate CP to meet the requirements of cattle (NRC, 

1996).  However, some animals, such as growing and lactating cattle, have an increased 

protein requirement that may not be sufficiently met by microbial protein (Paterson et al., 

1996; Nelson, 1997).  In these instances, providing additional undegraded intake protein 

(UIP) may result in an increase in performance.  The objective of this research was to 
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determine the effects of feeding citrus pulp based supplements with added undegraded 

intake protein (UIP) on the performance of growing cattle.    

 

 

 



CHAPTER 2 
REVIEW OF LITERATURE 

Supplementation of Forage Based Diets 

Forages dominate the diet of ruminants throughout their life cycle with the 

exception of young suckling calves and feedlot animals.  Thus, cattle producers rely 

heavily on pasture and range to keep cost of production low.  In Florida, the tropical 

perennial grasses used for pasture often do not have adequate nutrient composition to 

fulfill the requirements of cattle or are of such low quality that cattle can not consume 

enough to meet their nutritional needs (Moore et al., 1991).  As nutrient composition and 

availability of forages change seasonally, the nutritional needs of beef cattle change as 

well (Sollenberger and Chambliss, 1991).  Ultimately, the nutritional requirements of 

cattle will exceed what is available from most forages at some point during the year.  

Many factors affect the nutritional needs of cattle including:  physiological state, activity, 

desired rate of gain, body size, age, sex, and environmental conditions (NRC, 1996).  In 

order to maintain desired production levels, supplementation of forage based diets is 

sometimes necessary.  Supplements may be provided to cattle for several reasons.  These 

include correcting nutrient deficiencies, controlling forage intake and utilization, 

improving animal performance, and increasing profit (Kunkle et al., 2000).  Regardless of 

why supplements are provided, economic viability should determine the supplementation 

strategy (DelCurto et al., 2000).   
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Factors Affecting the Need for Supplementation 

Seasonal differences in forage quality are a major factor affecting cattle production.  

Inherently, forages are highly variable in quality due to:  differences in species, stage of 

maturity, soils, fertilization, and climate (Pond et al., 1995).  The tropical and sub-

tropical perennial pastures common to Florida peak in quality in spring and decrease 

from mid-summer through fall creating a deficiency in available nutrients from August 

through March (Sollenberger and Chambliss, 1991).  In 1991, Moore et al. quantified 

Florida forages by evaluating 637 samples from throughout the state.  The authors 

reported that most samples contained between 5 and 7 percent CP and 48 to 51 percent 

TDN.  The authors also noted that most samples other than bermudagrass were deficient 

in CP for performance above maintenance.   

Forage quantity is another factor affecting cattle production.  Forage quantity is 

highly variable depending on species, stage of maturity, soil, fertilization, stocking rate, 

and climate (Ball et al., 1996).  Most perennial Florida forages are warm season grasses 

which are limited in quantity during the cool months of the year.  This usually includes 

the months of November through April for north Florida and January through March for 

south Florida depending on species (Sollenberger and Chambliss, 1991).  The amount of 

available forage is compounded by decreased rainfall typical during the period from April 

to early June (Chambliss et al., 1998; Sollenberger and Chambliss, 1991).  Forage quality 

and quantity deficiencies both contribute to cattle receiving an inadequate supply of 

nutrients resulting in the need for supplementation.   

Nutrient requirements of cattle also affect the need for supplementation.  Many 

factors affect the nutritional needs of cattle including:  physiological state, activity, 

desired rate of gain, body size, age, sex, and environmental conditions (NRC, 1996).  
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These factors are constantly changing and animals need to be monitored.  Evaluating 

body condition score (BCS) is a reliable way to evaluate the nutritional status of mature 

cattle and should be considered when designing supplement programs (Kunkle et al., 

1994).  The nutritional requirements of growing cattle are affected by the same factors 

but are typically determined by breed, weight, and desired rate of gain (NRC, 1996).   

Supplementation Strategies 

Mineral supplementation is very important for cattle.  Adequate levels of many of 

the essential minerals are provided by most feedstuffs (National Research Council 

[NRC], 1996).  However, some minerals are insufficient and can vary drastically 

according to geographical location and feedstuffs utilized.  In many cases, mineral 

deficiencies are borderline and animals may not show specific symptoms other than 

decreased performance.  Phosphorous, sodium, copper, cobalt, and selenium deficiencies 

have affected cattle throughout Florida.  Providing a free choice, complete mineral 

supplement is recommended to prevent deficiencies (Kunkle, 2001; Kunkle et al., 2002).  

Hay is probably the second most utilized supplement in the cattle industry.  Many 

producers feed hay as a roughage source to offset low forage availability.  In Florida, hay 

is generally harvested in late summer when quantity is high, but quality is declining 

(Brown and Kunkle, 1992).  According to the results from the University of Florida 

Extension Forage Testing Program, the average CP and TDN concentration of Florida-

grown hay is 7 and 43 percent respectively (Brown et al., 1990).  This would suggest that 

some form of supplementation is needed other than hay, depending on the desired 

production level. 
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Protein Supplementation 

Supplementation of forage based diets with protein is a common practice of cattle 

producers.  Much research has been conducted to determine the protein requirements of 

beef cattle over the past 50 years.  These studies indicate that providing an additional 

source of protein increases gain (Clanton and Zimmerman, 1970; Bodine and Purvis, 

2003), dry matter intake and digestibility (Kartchner, 1981; Köster et al., 1996; Bodine 

and Purvis, 2003), as well as reproductive performance (Sasser et al., 1988; Wiley et al., 

1991).  Since 1985, the NRC has suggested using absorbed protein from both undegraded 

intake protein (UIP) and microbial protein as a means of expressing the protein 

requirements of ruminants.  This approach, also known as the metabolizable protein (MP) 

system, separates the requirements of the rumen microorganisms from the requirements 

of the animal.  This allows for more accurate prediction of animal response to 

supplementation by estimating protein degradation in the rumen.  Because many protein 

supplements contain both degraded intake protein (DIP) and UIP, previous 

supplementation research has produced variable responses.  This has led to the use of 

highly degradable or undegradable sources of protein in an attempt to differentiate the 

effects of each.  Some commonly used sources of DIP include:  urea, biuret, dried poultry 

waste/litter, corn steep liquor, and sodium caseinate.  Bloodmeal, corn gluten meal, and 

various treated soybean meals are typically used as sources of UIP.  If the levels of DIP 

and UIP in feedstuffs and forages are quantified, supplements can be designed to better 

meet the requirements of the animal. It is important to note that supplements should be 

tailored to each situation and formulated based on animal requirements, desired rate of 

gain, as well as forage quality and quantity. 
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DIP supplementation 

 Studies evaluating the effects of supplemental DIP have not been conclusive.  

Many authors suggest that the DIP fraction of protein supplements is responsible for 

increasing intake and digestion of low quality forages (Köster et al., 1996; Olson et al., 

1999; Mathis et al., 2000; Bandyk et al., 2001).  It has been suggested that the increase in 

forage intake and digestibility seen with protein supplementation is often due to increased 

passage rate, ruminal fill factors, or both (McCollum and Horn, 1990; Paterson et al., 

1996).  These effects seem more pronounced when supplementing cattle fed a basal diet 

of low quality forage.  This is probably due to a lack of adequate ruminal nitrogen 

resulting in less than optimal microbial protein synthesis (Bohnert et al., 2002).  Research 

has shown that forage crude protein has to drop to a level of 7 percent (range of 6 to 8 

percent) before supplementation shows a marked effect on intake and digestibility.  

Therefore this has been considered the threshold for a response to protein 

supplementation (McCollum and Horn, 1990; Mathis et al., 2000).   

Research trials have been conducted to evaluate the effects of increasing levels of 

DIP utilizing sodium caseinate as the source of DIP.  Köster et al. (1996) utilized mature, 

non-pregnant, ruminally fistulated cows to evaluate five levels (0, 180, 360, 540, and 720 

g per day) of supplemental DIP.  Cows were offered low quality, tallgrass-prairie forage 

(1.9 % CP, 77 % NDF) ad libitum.  Sodium caseinate was infused intraruminally just 

prior to feeding the forage.  Forage intake was maximized at the 540 g/d level, and true 

ruminal OM digestibility was highest at the 180 g/d level.  They concluded that DIP 

supplementation at 11 percent of total digestible organic matter (.09 % BW) would 

maximize intake and increase digestibility of low quality tallgrass prairie forage.  In a 

similar study, Olsen et al. (1999) supplemented Hereford x Angus steers with increasing 
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levels of sodium caseinate (.03, .06, .09, and .12 % of initial BW).  All steers had ad 

libitum access to low quality hay (4.9 % CP) with intraruminal infusion of DIP just prior 

to feeding.  Forage intake and digestibility increased linearly as the level of DIP 

increased.  It was also noted that intake was highest when DIP was supplemented at the 

highest level offered (.12 % BW; 11.6 % of dry matter intake).   

Research by Hollingsworth-Jenkins et al. (1996) utilized corn steep liquor as a 

source of supplemental DIP.  Gestating beef cows grazing native range (4.8 % average 

CP) were used to evaluate the effects of four levels (50, 75, 100, and 125 % of estimated 

DIP requirement) of supplemental DIP.  The authors observed no change in ADG, body 

condition, or forage intake.  However, digestibility increased linearly as level of 

supplemental DIP increased.  They concluded that the lowest level of supplemental DIP 

(170 g/d) was adequate at meeting the needs of the rumen microorganisms.  

Source of DIP can have a significant impact on its utilization.  Several studies have 

concluded that non protein nitrogen (NPN) does not perform as well as other sources of 

DIP.  This has been attributed to the inefficient utilization of NPN as a result of 

asynchronous availability of energy and nitrogen in the rumen (McCollum and Horn, 

1990).  In 1978, Clanton conducted six experiments to compare the effects of urea and 

biuret to natural protein sources (soybean meal and alfalfa hay) fed to growing calves on 

native range.  Across all experiments, gains were either lower or indifferent as level of 

NPN increased.  However, average daily gains were higher (0.04 kg) for the natural 

protein supplements compared to NPN supplements.  In more recent work, Jordan et al. 

(2002) compared urea and dried poultry waste to a natural protein source.  Cows grazing 

dormant native Sandhills winter range (6.8 % CP) were supplemented with urea, dried 
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poultry waste, soybean meal, or a combination of either dried poultry waste or soybean 

meal and urea.  Cows consuming natural protein supplements had higher ADG than those 

supplemented with urea whereas cows consuming dried poultry waste had similar gains 

to those consuming soybean meal.  There was no difference in forage organic matter 

intake across all treatments.  The authors concluded that natural protein and dried poultry 

waste may have a slower rate of nitrogen release compared to urea.  This would 

complement the rate of digestion of low quality forage and thus increase microbial crude 

protein synthesis.  Also, dried poultry waste may contain natural protein from wasted 

feed.  In a study by Köster and others (1997), Angus x Hereford steers were used to 

compare increasing levels of urea to sodium caseinate.  Steers had ad libitum access to 

low quality, tallgrass prairie (2.4 % CP, 76% NDF) and were supplemented with 100 

percent of their DIP requirement daily.  Supplements were formulated to provide 0, 25, 

50, or 100 percent of DIP in the form of urea with the remainder being sodium caseinate.  

Forage organic matter intake was similar across all treatments but digestible organic 

matter intake decreased linearly as the level of urea increased.  The authors concluded 

that low levels of urea can be used as a source of DIP in protein supplements without 

negative effects on intake of low quality forage.   

It has been shown that supplementation of DIP can increase the performance of 

growing calves, as well as mature cows grazing low quality forages.  It has been 

speculated that supplemental DIP may increase the efficiency of microbial protein 

synthesis resulting in better performance.  A review of the literature would suggest that 

growing animals seem to have a higher DIP requirement than mature cows.  Olsen et al. 

(1999) found that supplementing DIP at 0.12 percent of body weight would maximize the 
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intake of growing animals.  This is higher than the findings of Köster et al. (1996) where 

0.09 percent of body weight was sufficient at maximizing the intake of mature non-

pregnant cows.  In contrast, Hollingsworth-Jenkins et al. (1996) found that DIP 

supplementation had no effect on the intake or performance of gestating beef cows.  It is 

unclear if the increased level of DIP required to maximize intake is due to forage 

properties or a higher requirement of growing animals.  Furthermore, source of DIP can 

have a significant impact on its utilization.  Several studies have concluded that NPN 

does not perform as well as other sources of DIP.  Many authors agree that NPN may be 

used at low levels, but natural protein sources typically yield better performance.  More 

research is needed to accurately define the DIP requirements of growing and mature 

cattle.   

UIP supplementation 

Microbial protein can provide adequate CP to meet the requirements of cattle 

(NRC, 1996), depending on the physiological state of the animal, as well as forage 

quality and intake.  However, some animals, such as growing and lactating cattle, have an 

increased protein requirement that may not be sufficiently met by microbial protein 

(Paterson et al., 1996; Nelson, 1997).  In this case, UIP supplementation can result in an 

increase in performance due to increased protein reaching the small intestine.  Many 

authors agree that UIP supplementation is only beneficial if DIP levels are adequate 

relative to requirement (Klopfenstein, 1996; Paterson et al., 1996). 

 Several trials have looked at the effects of UIP supplementation on growing 

cattle.  Anderson et al. (1988) conducted research to evaluate the effects of supplemental 

UIP on the performance of crossbred yearling steers (277 kg initial BW) grazing smooth 

brome pasture (10.4 % CP).  Bloodmeal and corn gluten meal were used to provide 
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increasing levels (0, .11, .23, and .34 kg per head per day) of supplemental UIP, replacing 

corn starch, which was used as a negative control.  Analysis of the forage indicated that 

DIP was sufficient to meet the microbial needs.  Results showed a linear increase in 

performance as the level of supplemental UIP increased.  ADG was maximized (1.06 kg 

per day) at the 0.23 kg level of supplemental UIP.  Karges et al. found similar results in 

1992.  These authors utilized 326 kg steers grazing native range (9.4 % CP), to look at the 

effects of increasing levels of DIP and UIP supplementation as well as a combination of 

both.  No response was seen with increasing DIP supplementation.  However, they noted 

a linear increase in gain when steers were supplemented with UIP in addition to adequate 

DIP.  The authors concluded that microbial protein synthesis was insufficient at meeting 

the metabolizable protein needs of the animals when DIP was supplied at adequate levels.  

Therefore an increase in ADG would be noted by supplying a source of UIP.   

Warm season grasses generally have a higher level of UIP compared to cool season 

grasses (Klopfenstein, 1996; Paterson et al., 1996).  This would suggest a decreased 

response to UIP supplementation.  However, Ramos et al. (1997) supplemented growing 

crossbred steers (211 kg initial BW) grazing Stargrass pasture (6.9 % CP) and found that 

UIP was still limiting.  Supplements were either bloodmeal (75 % UIP), coconut meal, 

(38 % UIP) or soybean meal (35% UIP) and were fed at increasing levels (50 or 100 

percent of total supplemental CP) replacing urea.  Animals were allowed ad libitum 

access to Stargrass pasture and all supplements were fed at 2 kg per head per day.  

Results showed a linear increase in ADG as the level of UIP increased in the bloodmeal 

and coconut meal diets but no response was noted for the animals supplemented with 
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soybean meal.  The authors attributed the lack of response to soybean meal to its 

extensive protein degradation in the rumen.   

Other authors have examined the effects of UIP supplementation using gestating 

and lactating cattle.  Triplett et al. (1995) utilized 80 first calf heifers and 51 mature 

Brahman cows to evaluate the effects of UIP supplementation on production 

characteristics and reproductive performance.  Supplements provided 38, 56, or 76 

percent UIP and were fed at 3.50, 3.23, and 2.95 kg per head per day respectively.  

Animals had free access to rye and ryegrass over seeded Coastal Bermudagrass pasture 

(12 – 24 % CP) as well as Coastal Bermudagrass hay (8 % CP).  Cattle were 

supplemented between days 7 and 119 post calving.  Results showed that providing first 

calf heifers and mature cows with a supplement containing 56 percent UIP 

(approximately 0.4 kg per head per day of UIP) increased their first service conception 

rates by more than 28 percent compared to the supplement containing 36 percent UIP.  

The authors also noted no improvement in reproductive function in the animals receiving 

the supplement containing 76 percent UIP when compared to the animals supplemented 

with 56 percent UIP.  In more recent research, Sletmoen-Olsen et al. (2000) found that 

increasing the level of UIP in supplements had little effect on the performance of 

crossbred cows.  Cattle were randomly assigned to one of four isoenergetic treatments:  

control (no supplement), 69, 290, or 536 g UIP per head per day.  All supplements were 

formulated to provide 274 g DIP per head per day.  Cows were offered mature, cool 

season grass prairie hay (5.8 % CP) ad libitum.  Hay and supplements were provided 

from October to May which represented the last five months of gestation and the first 

three months of lactation.  Authors explained that supplemented cows had greater body 
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weights when compared to control, but level of UIP supplementation had no effect.  Total 

OM intake was greater for supplemented animals, compared to control animals, during 

gestation but similar during lactation.  It was also reported that there was no differences 

due to treatment on days to first estrus or rebreeding.  The authors concluded that 

supplemental UIP is marginally beneficial and that providing more than 70 g per head per 

day does not improve the performance of gestating or lactating beef cattle when DIP 

levels are adequate.   

 Several studies have shown that UIP supplementation can increase the 

performance of growing animals if DIP levels are adequate.  Anderson et al. (1988) found 

that ADG was maximized when 0.23 kg per day of supplemental UIP was provided to 

growing steers.  Karges et al. (1992) found similar results where ADG was maximized 

when 0.21 kg per day of supplemental UIP was provided to growing steers.  However, 

evaluating the effects of supplemental UIP on the performance of mature cows has 

produced mixed results.  Triplett et al. (1995) found that 0.4 kg per day of supplemental 

UIP increased the first service conception rates of mature cows.  This is in contrast to the 

results of Sletmoen-Olsen et al. (2000) where supplemental UIP had little effect on the 

performance of mature cows.  More research is needed to evaluate the effects of 

supplemental UIP on the performance of mature cattle.  

Energy Supplementation 

 Energy supplementation of cattle is a common practice to maintain performance 

or minimize loss (Caton and Dhuyvetter, 1997).  Many times available forage is 

inadequate at meeting the energy needs of cattle (Moore et al., 1999).  Depending on the 

quality of the forage, protein supplementation may increase intake enough to meet the 

energy needs of the animal, but not in all cases.  Protein is typically the limiting nutrient 
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but supplementation may not result in an adequate increase in energy intake (Bodine and 

Purvis, 2003).  This would suggest that supplemental energy may be needed to meet the 

desired level of performance.  However, energy supplementation often results in 

decreased forage intake and utilization (Bodine and Purvis, 2003; Caton and Dhuyvetter, 

1997; Kunkle et al., 2000).  Many authors have attributed this to a substitution effect 

caused by feeding high starch energy sources.  Caton and Dhuyvetter (1997) defined 

substitution as “reductions in forage intake by grazing and pen-fed ruminants due to 

energy supplementation.”   

Sanson et al. (1990) demonstrated that increasing levels of corn starch 

supplementation resulted in decreased forage intake.  Ruminally cannulated crossbred 

steers (550 kg) were utilized to evaluate the effects of supplements with increasing levels 

of starch.  Steers were fed low quality hay (4.3 % CP) ad libitum.  All supplements 

provided 1.12 g CP and 0, 2, or 4 g of starch from corn, per kg of body weight.  Forage 

consumption decreased by 5 percent for the supplement containing 2 g of starch per kg of 

body weight and an additional 17 percent for the supplement containing 4 g of starch per 

kg of body weight.  DelCurto et al. (1990) used ruminally cannulated Angus x Hereford 

steers (401 kg) to determine the effects of high and low protein supplements (0.66 and 

1.32g CP per kg BW) in combination with high and low energy supplements (9.2 and 

18.4 kcal ME per kg BW) on forage intake and digestion.  Dormant tallgrass-prairie hay 

(2.6 % CP) was offered ad libitum.  The authors noted that increasing energy 

supplementation tended to depress forage intake with no effect on total dry matter intake.  

This would suggest a substitution effect caused by energy supplementation.  Intake 

depression is likely due to a decreased ruminal pH resulting in reduced growth of 
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fibrolytic bacteria (Kunkle et al., 2000).  This would result in decreased digestion of 

forages and a decreased passage rate.  Diminishing digestibility of forages has also been 

observed in many cattle supplemented with high starch grains (Bodine and Purvis, 2003; 

Hannah et al., 1989; Vanzant et al., 1990).  Horn and McCollum (1987) reviewed energy 

supplementation of grazing cattle and concluded that concentrates can be fed at .5 percent 

BW before forage intake was decreased.  In another review by Bowman and Sanson 

(1996), supplementing grain over .25 percent of BW had negative effects on forage 

utilization.  Caton and Dhuyvetter (1997) noted that these discrepancies may be due to 

the level of supplemental protein.  Bodine et al. (2000) studied the effects of starch 

supplementation on forage utilization when the total dietary DIP requirements were met. 

The authors supplemented ruminally cannulated steers (317 kg) with eight combinations 

of energy and DIP.  Supplements provided dry-rolled corn at either 0 or 0.75 percent of 

body weight and one of four levels of soybean meal that provided between 0 and 1.3 g of 

DIP per kg of body weight.  Prairie hay (6.1 % CP) was also provided ad libitum.  Hay 

intake increased as level of DIP increased regardless of corn supplementation.  Hay 

digestibility also increased as level of DIP increased when corn was added.  However, 

inadequate levels of DIP in the grain based diets decreased forage intake, digestibility, 

and energy intake.  The authors concluded that supplementing adequate levels of DIP 

appeared to alleviate the negative associative effects typically seen when supplementing 

low quality forages with high starch feeds.  Other authors have tried to combat the 

substitution effect caused by high starch grain supplementation with feedstuffs low in non 

structural carbohydrates but high in TDN.  Common sources include:  soybean hulls, 

wheat middlings, corn gluten feed, beet pulp, citrus pulp, distillers grains, and brewers 
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grains (Kunkle et al., 2000).  Providing energy from one of these readily digestible fiber 

sources usually has a less negative effect on forage intake compared to high starch 

supplements (Caton and Dhuyvetter, 1997; Bowman and Sanson 1996).   

 In 1991, Sunvold et al. evaluated the efficacy of wheat middlings as a supplement 

for beef cattle.  Ruminally fistulated Angus x Hereford crossbred steers (374) were 

offered one of four treatments that included:  a control of no supplement, a mixed 

supplement of soybean meal (22 %) and grain sorghum (78 %), or a low or high level of 

wheat middlings.  All steers were offered low quality (2.4 % CP) bluestem hay ad 

libitum.  Forage dry matter intake was increased for the high level of wheat middlings 

and the soybean meal and grain sorghum supplements.  Dry matter digestibility was 

increased with supplementation, but there was no difference between supplements.  

Similar results were seen in a three-year study by Horn et al. (1995).  For these 

experiments, 466 steers were utilized to compare the effects of high starch supplements to 

high fiber supplements.  Treatments included a control with no supplementation, a corn 

based high starch supplement, or a soybean hull and wheat middling based high fiber 

supplement.  Calves were constantly grazed on wheat pasture and daily supplement 

consumption was 0.65 % of body weight.  The authors reported that ADG was not 

influenced by the type of supplementation.  These studies indicate that high starch 

supplements, which are typically more expensive, could be replaced by highly digestible 

fiber supplements depending on availability and price. 

Energy supplements may be used to correct nutrient deficiencies, and maintain or 

increase performance.  However, they have shown to decrease intake of low quality 

forages making energy supplementation a viable alternative as forage availability 
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decreases.  High fiber concentrate feeds show promise as an economical substitute for 

traditional high starch, high price supplements.  However, more research is needed to 

identify economical energy supplementation. 

Supplementation with Citrus Pulp 

 The Florida citrus industry produces over 80 percent of the United States supply 

of citrus, almost 90 percent of which is processed into juice (Hodges et al., 2001).  The 

waste from processing is a mixture of peel, rag, and seeds collectively known as citrus 

pulp.  Citrus pulp is typically dried, pelleted, and marketed as a byproduct energy 

concentrate feed for ruminants (Arthington et al., 2002).  The 52 processing plants in 

Florida produced 1.3 million tons of citrus pulp valued at 88 million dollars during the 

1999-2000 season (Hodges et al., 2001).  Most citrus pulp has been exported to Europe, 

but recent declines in export opportunities have made citrus pulp an affordable byproduct 

feed (Arthington and Pate, 2001).   

Citrus Pulp Processing 

Citrus pulp was first utilized as a ruminant feed in the early 1900’s.  Walker (1917) 

noted that cattle would readily consume fresh citrus pulp and cull fruits, but many times 

this feedstuff spoiled before it could all be consumed.  Arthington and Pate, (2001) 

estimated the waste from feeding wet citrus pulp could be as high as 30 percent.  

Although it is very palatable to cattle, it is typically uneconomical to feed wet pulp (15-

20 percent DM) because of the increased cost of shipping (Kunkle et al., 2001).  In an 

experiment by Scott (1926), grapefruit waste was dehydrated and fed to dairy cattle.  This 

sparked the commercial production of dried citrus pulp as a byproduct feedstuff in the 

early 1930’s.  The basic procedure for producing dried citrus pulp involves grinding or 

chopping the citrus waste and dehydrating the mixture.  Calcium oxide or calcium 
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hydroxide is commonly added to aid in releasing bound water, resulting in a product high 

in calcium (Ammerman and Henry, 1991).  The production of dried citrus pulp allowed 

for easier transport, storage, and feeding of citrus waste.  However, dried citrus pulp is 

still a bulky feedstuff with a density of around 13-23 lbs/cubic foot (Ammerman et al., 

1966).  Pelleting of citrus pulp was introduced to increase density, reduce dustiness, and 

aid in handling.  In 1967, Ammerman and others found that gains were increased when 

steers were fed pelleted citrus pulp at 66 percent of the total supplement compared to 

unpelleted citrus pulp at the same level.  Average daily gains were 1.38 and 1.19 kg per 

head per day for the pelleted and unpelleted rations, respectively.  The difference was 

attributed to the increased density (41.6 lbs/cubic foot) of the pelleted ration which was 

consumed at a higher level (+ 0.30 kg/d).  The same trend was seen when Loggins et al., 

(1964) looked at gain differences between dried and pelleted citrus pulp when fed to 

fattening lambs.  Lambs fed pelleted citrus pulp had numerically higher average daily 

gains (0.123 kg/d) compared to those fed unpelleted citrus pulp (0.109 kg/d) and daily 

intakes were slightly higher for the pelleted rations (0.064 kg/d).  The authors noted that 

pelleting may have increased the quality of citrus pulp.  Processing of citrus pulp 

decreases waste and makes handling, feeding, and storage easier. 

Chemical Composition   

The chemical composition of citrus pulp can be variable depending on the type of 

fruit and the procedures used to produce it (Ammerman et al., 1966; Chapman et al., 

1983).  Arosemena et al. (1995) analyzed citrus pulp samples from several California 

sources and found results similar to those reported by the NRC (1996) for crude protein, 

macro and micro minerals.  However, acid detergent fiber, neutral detergent fiber, and 

ether extract values were highly variable.  The variability of citrus pulp due to source was 
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also investigated by Ammerman and others (1966).  They analyzed 904 citrus pulp 

samples representing 17 different production sources over the period of three years 

(1963-1965).  Significant differences were found between sources for all nutrients but 

average nutrient composition varied only slightly between years.  Variation within source 

was not evaluated.  The differences found could be attributed to the varying components 

of the citrus pulp such as seed, rag, and peel.  Reported values are compared to data 

recorded by Arosemena et al. (1995) as well as NRC (1996) values in Table 2-1.   

Table 2-1. A comparison of the chemical composition of citrus pulp from different 
sources.   

 
Nutrient   Source 1a  Source 2b  Source 3c 

Moisture      8.62      9.47      8.90 

Ash, % DM      5.12      5.14      6.60 

Ether extract % DM     4.27      1.12      3.70 

Crude Protein % DM     6.81      6.39      6.70 

Calcium % DM       --      1.43      1.88 

Phosphorous % DM       --      0.11      0.13 

aAmmerman et al., 1966 
bArosemena et al., 1995 
cNRC, 1996 
 

In a similar study by Ammerman et al., (1966), the individual fractions of citrus 

pulp were analyzed.  They concluded that seeds present in the mixture were higher in 

crude protein and ether extract, and contributed 12 percent of the total ether extract and 

56 percent of the total crude protein on a dry matter basis.  Ammerman et al., (1965) 

illustrated the variability in digestibility due to processing by evaluating the effect of 

dehydrating temperatures on the digestibility of the resulting citrus pulp.  Wether lambs 
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were supplemented with one of three citrus pulp supplements dried at 220, 240, or 260 

degrees Fahrenheit.  Results showed that protein and energy were significantly more 

digestible for the supplement dried at 220 degrees compared to the other two 

supplements.   

Effects of Citrus Pulp Supplements on Cattle Performance 

 Early studies have looked at the value of supplementing citrus pulp to cattle on 

pasture.  In 1953, Chapman and co-workers found no significant difference in gain or 

feed efficiency between ground snapped corn and citrus pulp when fed to steers on 

pasture.  In a similar study by Chapman et al. (1961), steers on pasture fed citrus pulp had 

numerically higher average daily gains (0.78 kg per day) compared to steers fed ground 

snapped corn (0.72 kg per day), sugarcane molasses (0.65 kg per day), or a mixture of 

corn, citrus pulp and cottonseed meal (0.75 kg per day).  Research has also indicated 

good results of feeding citrus pulp in the feedlot.  Steers fed 120 days with either ground 

snapped corn or citrus pulp had similar gains (1.08 and 0.99 kg per day respectively), but 

the animals fed citrus pulp had greater feed efficiency (Kirk et al., 1949).  Peacock and 

Kirk, (1959) conducted research comparing citrus pulp to corn in feedlot rations.  In three 

140 day trials, steers were fed either corn or citrus pulp at 70 percent of the total diet.  

The authors found no significant differences in gain, feed efficiency, improvement in 

gain, or dressing percentage.  Ammerman et al., (1963) evaluated the effects of replacing 

ground corn with citrus pulp at 22, 44, and 66 percent of the total diet of steers in the 

feedlot.  There was no suggestion of a statistically significant difference in gain across 

treatments.  However, gains were higher for both the 22 and 44 percent inclusion rate 

with average daily gains being 1.35 kg and 1.48 kg respectively.   
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Many studies have shown citrus pulp to be a good feedstuff for ruminants.  

However, it can be variable in composition and producers should use book values with 

caution.  With a large citrus industry in Florida, it can be an economical supplement for 

producers in the southeast.   

Preconditioning of Weaned Cattle 

The idea of preconditioning became a topic of interest in 1965 when Dr. John 

Herrick coined the term (Miksch, 1984).  Programs aimed at educating producers were 

initiated by state and national organizations the following year.  In the years to follow, 

many state and national groups began programs that set guidelines for producers to 

market certified preconditioned calves.  These programs usually involved on-farm 

weaning of calves 21 to 30 days prior to shipment, castration, dehorning, deworming, 

grub/lice treatment, and vaccination against IBR and BVD (Amstutz, 1977; Pritchard and 

Mendez, 1990).  Research has been conducted since the 1960’s evaluating the benefits 

and costs of preconditioning programs with variable results.  These results have left many 

producers hesitant to implement costly preconditioning programs in fear of a limited 

return on their investment.  In recent times, cattle feeders have realized the benefits of 

these programs and are more willing to pay producers a premium for preconditioned 

calves.  

 The benefits realized from healthy calves have been extensively evaluated by the 

Texas A&M Ranch to Rail program.  This program is an information feedback system 

that identifies factors that affect profitability after weaning and provides producers with 

the information needed to adjust management practices.  The summaries from this 

program (McNeill, 1997, 1999, 2001) have consistently identified heath status to have a 

major impact on performance and profitability.  In the years from 1996 to 2001, sick 
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animals were worth $13.42 to $26.48 per hundredweight less upon arrival than animals 

that never required treatment.  The authors attributed this to increased medical costs, 

decreased gains and efficiency, and decreased carcass quality.   

 Preconditioning programs were created to help decrease stress and diseases 

associated with weaning, and accustom calves to eating dry feed from feed bunks 

(Herrick, 1969; Cole, 1985).  Traditionally, many calves were weaned on the truck when 

shipped to the sale barn (Miksch, 1984).  These calves would be commingled at the sale 

barn to create uniform lots before being sold (Woods et al., 1973).  This presented a 

highly stressful situation by compounding the stress from weaning with commingling 

animals of various health backgrounds.  This in turn exposes calves to increased pathogen 

loads resulting in an increased chance of respiratory infection (Engelken, 1997; Galyean 

et al, 1999).  Preconditioning programs are designed to decrease stress by on-farm 

weaning and increase immune function by vaccinating under low stress situations.   

This results in decreased medical bills in the feedlot, and decreased morbidity and 

mortality which should result in a higher profit for the feeder.   

Many authors agree that unstressed animals respond better to vaccines than stressed 

animals (Engelken, 1997; Galyean et al., 1999).  Kreikemeier et al. (1997) illustrated this 

by evaluating the effects of timing of vaccination of Kentucky ranch calves (252 kg).  

Calves were vaccinated according to one of the following treatments:  vaccination 2 to 4 

weeks prior to weaning with revaccination at the time of commingling at a sale barn, 

vaccination at the sale barn prior to shipment with revaccination after 21 days in the 

feedlot, or vaccination upon arrival at the feedlot with revaccination after 21 days in the 

feedlot.  Feedlot morbidity rates were 27, 33 and 37 percent respectively, resulting in 
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decreased medicine costs.  Similar results were noted by Cole (1985) in a comprehensive 

review of several preconditioning trials.  He explained that preconditioning decreased 

feedlot morbidity by 23 percent compared to controls that were not preconditioned.  He 

also found that preconditioning reduced feedlot mortality by 0.7 percent.  Pate and 

Crockett (1978) utilized Florida crossbred calves (214 kg) to evaluate the value of 

preconditioning calves over a three year period.  Calves were either shipped directly to 

the feedlot at weaning or preconditioned with feed for 21-28 days on the farm prior to 

being shipped.  The authors discovered that preconditioning decreased feedlot morbidity 

by 15.6 percent and mortality by 2.3 percent across the three years.   

 Many trials have shown that preconditioning can reduce feedlot morbidity and 

mortality but it is still unclear if it will increase gains throughout the feeding period.  Pate 

and Crockett (1978) conducted a three year experiment to evaluate the effects of 

preconditioning on feedlot gain and efficiency.  They reported that preconditioned calves 

had a 6 % increase in gain during the first year and an 11 % increase in gain during the 

second year compared to non-preconditioned calves.  Only a small difference was noted 

during the third year.  The increase in gain of preconditioned animals during the first two 

years is not likely due to the number of sick animals because morbidity was similar 

across the treatments.  There was no difference in feed efficiency between treatments 

during the feedlot period.  In a similar study, Pritchard and Mendez (1990) utilized 600 

Charolais-sired calves from four ranches to evaluate the effects of a 25-30 day 

preconditioning period.  They discovered no significant difference in feedlot ADG 

between preconditioned and non-preconditioned calves.  They also noted that 

preconditioned calves had significantly poorer feed conversions (feed/gain) than non-
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preconditioned calves (6.44 and 6.24 respectively).  The authors attributed this to 

compensatory growth in the non-preconditioned calves.  Peterson et al. (1989) conducted 

research on calves of mixed breeding over three years to evaluate the effects of creep 

feeding, and timing of weaning, vaccination, castration, and dehorning.  The authors 

reported that calves weaned 6 weeks prior to sale had higher ADG than animals weaned 

at the time of sale.  They also reported that castration, dehorning, and vaccination at the 

time of sale resulted in decreased ADG in the feedlot.  The authors explained that calves 

performed best if the stress from castration, dehorning, and vaccination occurred prior to 

the stress from weaning. 

 Although results are indecisive about the performance of preconditioned calves, 

many producers are seeing a premium paid for preconditioning programs.  King and 

Odde (1998) evaluated the sale data on over 200,000 head of calves sold through video 

auctions.  The authors discovered that calves vaccinated 3 to 4 weeks prior to weaning 

brought $1.61 per hundredweight more than non-vaccinated calves that were not weaned.  

It was also reported that calves that received two rounds of vaccinations and were weaned 

45 days prior to shipping averaged $3.89 per hundredweight more than non-vaccinated 

calves that were not weaned. These premiums should be considered when evaluating the 

potential to precondition calves, based on the cost of the preconditioning program being 

used (Engelken, 1997).   

Typically the highest cost associated with preconditioning programs is feed 

(Lalman et al., 2002; Thrift et al., 2003).  Preconditioning feeds must be highly palatable 

in order to decrease fasting and stress, and increase gain during the first week of weaning.  

After this “walk and bawl” period, returning the calves to high quality pasture along with 
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supplementation is usually the most economical solution (Lalman et al., 2002).  

Feedstuffs utilized for preconditioning calves vary greatly.  Many authors suggest high 

quality pasture or hay in combination with concentrate and mineral supplementation.  

Usually these supplements are expensive and therefore, feed costs will most likely dictate 

if a preconditioning program is economically feasible.  However, if cheaper feedstuffs 

can be utilized, it may be possible to increase profits for producers.   

Preconditioning programs have been designed to reduce stress, increase immune 

function, and accustom calves to the feedlot.  Research has proven that these programs 

can significantly reduce morbidity and mortality in the feedlot, resulting in increased 

profits.  However, more research is needed to determine if preconditioning can increase 

gains throughout the finishing phase.  In recent years, preconditioning programs have 

gained popularity and producers are starting to see premiums for preconditioned calves.   

 

 



CHAPTER 3 
EFFECTS OF FEEDING CITRUS PULP OR CORN SUPPLEMENTS WITH 

INCREASING LEVELS OF ADDED UNDEGRADED INTAKE PROTEIN ON THE 
PERFORMANCE OF GROWING CATTLE 

Introduction 

Extensive research evaluating citrus pulp as a supplement for cattle was conducted 

in the 1950’s and 1960’s.  These studies have shown that citrus pulp is readily consumed 

by cattle and can produce similar gains to corn products (Scott, 1926; Chapman et al., 

1961; Ammerman et al., 1963).  Recent declines in export markets have made citrus pulp 

an economical byproduct supplement.   

Florida forages used for summer grazing and hay do not always provide adequate 

nutrients to meet the requirements of growing cattle (Moore et al., 1991).  This results in 

the need for supplementation.  Citrus pulp is a good energy supplement, but is low in 

protein.  Therefore, additional protein may increase animal performance or improve 

utilization of citrus pulp supplements, resulting in a more economical supplement for 

growing cattle.   

Depending on the physiological state of the animal, forage quality and intake, 

microbial protein can provide adequate CP to meet the requirements of cattle (NRC, 

1996).  However, some animals, such as growing and lactating cattle, have a higher 

protein requirement that may not be sufficiently met by microbial protein (Paterson et al., 

1996; Nelson, 1997).  In these instances, providing additional undegraded intake protein 

(UIP) may result in an increase in performance.  The objective of this research was to 
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determine the effects of feeding corn and citrus pulp based supplements with increasing 

levels of UIP to growing cattle offered low quality bahia grass hay.   

Materials and Methods 

This study was conducted at the University of Florida Beef Research Unit, located 

in Alachua County, Florida from February 2002 through May 2002.   

Animals   

Fifty Angus x Brahman crossbred calves (36 steers and 14 heifers) averaging 250 

kg body weights were utilized in an 84 day intake and performance trial.  Calves were 

predominately Angus with less than 20 percent Brahman breeding.  These cattle were 

stratified by weight and sex and then randomly assigned to one of ten treatments.  Initial 

weights were similar across treatments (P > 0.20).  Animals were housed in one of seven 

covered pens (9.1 m x 18.3 m) with concrete floors.  Each pen was equipped with eight 

Calan gate feeders (American Calan, Inc., Northwood, NH) that allowed for the 

measurement of total daily hay and supplement intake for each animal.  Cattle were 

trained to use the Calan gates during a 14 day adjustment period prior to the start of the 

trial.  During this period, cattle were offered about 3 kg daily of a corn and molasses 

based dry supplement with bahia grass hay, water, and mineral offered ad libitum.   

Diets 

 All hay used for this trial was harvested into small square bales from a pasture of 

Argentine bahia grass with minimal infestation of common bermuda grass.  Hay quality 

was initially estimated to be 50 % TDN and 7 % CP (DM basis) from samples analyzed 

by DHI Forage Testing Laboratory, Ithaca, NY.  Hay, a complete mineral mix, and water 

were offered ad libitum throughout the trial.  Treatments consisted of five corn based 

supplements (CORN 1-5) and five citrus pulp based supplements (CITR 1-5) with an 
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increasing level of added UIP (Table 3-2).  The five levels of added UIP were:  Level 1, 0 

kg; Level 2, 0.055 kg; Level 3, 0.11 kg; Level 4, 0.165 kg; and Level 5, 0.22 kg per 

animal per day.  All ten supplements were formulated to be isoenergetic (2.07 kg of TDN 

per animal per day) and isonitrogenous (0.62 kg CP per animal per day; Table 3-2).  

Supplements were also formulated to have a DIP to TDN ratio of 0.12:  1 or higher and a 

nitrogen to sulfur ratio of 10: 1.  All supplements were mixed at the University of Florida 

feed mill, Gainesville, FL.   

Feeding Procedure and Sampling 

Each morning cattle were fed their respective supplement in their individual Calan 

gate.  Each afternoon, hay was weighed for each animal, recorded, and fed in the Calan 

gate feeders.  Hay was offered at 130% of previous intake to provide excess at all times. 

 All animals consumed the supplements readily.  Hay refusals were weighed and 

recorded weekly and discarded after sampling.  Sub-samples were weighed and placed in 

a 60˚ C forced air oven for seven days to determine their dry matter.  Weekly hay 

samples were obtained by taking 20 core samples from the bales prior to feeding.  

Supplement samples were taken weekly by sampling several feed bags.    

Measurements 

Cattle were weighed one day prior to the start of the trial as well as the first day to 

obtain two full body weights.  These weights were averaged for the initial body weight.  

Cattle were then weighed every 28 days prior to feeding.  At the end of the trial, animals 

were weighed on days 83 and 84 and averaged for the final body weight.  Body condition 

score (BCS) was evaluated at the start of the trial and every 28 days throughout the trial 

using a 1 thru 9 condition scoring system with increments of 0.25 (Kunkle et al., 1994). 
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Laboratory Analysis 

All hay and supplement samples were analyzed for:  dry matter (DM) at 105˚ C for 

8 hours in a forced air oven (AOAC, 2000), organic matter (OM) at 550˚ C for 6 hours in 

a muffle furnace (AOAC, 2000), crude protein (CP) by Kjeldahl N procedure (AOAC, 

2000) x 6.25, neutral detergent fiber (NDF) by the Ankom method (Ankom Technology, 

Fairport, NY), and in vitro organic matter digestibility (IVOMD) as described by Moore 

and Mott, 1974.  

Statistical Procedures 

 Data were analyzed using the general linear model (GLM) procedure of the 

Statistical Analysis System (SAS, 2001).  The statistical model used was: 

Y = µ + CHOi + UIPj + CHOUIPij + εij 

where  

Y = response variable  

 µ  = mean 

 CHOi = effect due to carbohydrate source 

 UIPj = effect due to level of added UIP 

 CHOUIPij = effect due to the interaction of carbohydrate source and level of UIP 

 Eijk = residual error 

Results and Discussion 

Diets 

Supplement formulations and actual chemical composition of supplements and 

bahia grass hay are listed in Tables 3-1 and 3-2.  The hay used in this experiment was 

similar in DM, CP, NDF, and IVOMD (P > 0.20) content throughout the trial.  All 
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supplements had similar DM (P = 0.73) and OM (P = 0.19) contents as expected.  There 

were no differences in the IVOMD of supplements between CORN and CITR treatments 

(P = 0.41).  The IVOMD of supplements differed by level of added UIP (P < 0.001) and 

decreased linearly (P < 0.001) as level of UIP increased.  There were no differences in CP 

by level of added UIP (P = 0.75), suggesting supplements were isonitrogenous, as 

formulated.  There tended to be a small difference (0.8 % of DM) in CP between CORN 

and CITR supplements (P = 0.09). 

Animal Response 

 There was no carbohydrate source (CHO) by level of UIP interaction (P = 0.31) 

for ADG.  When all levels of UIP were combined, the 84 d. ADG was similar (P = 0.38) 

between calves supplemented with CORN or CITR (Table 3-3).  This agrees with results 

found by Chapman et al. (1953) who compared citrus pulp-based supplements to corn-

based supplements fed to steers on pasture.   

Level of added UIP had a significant (P < 0.001) effect on 84 d. ADG, resulting in 

a linear increase (P < 0.001) in ADG as level of UIP increased (Figure 3-1).  This would 

suggest that microbial crude protein was inadequate at providing the protein requirements 

of these growing calves.  The greatest 84 d. ADG resulted from supplements containing 

0.22 kg/hd/d of added UIP.  This agrees with Nelson (1997) who supplemented growing 

steers with 0 to 0.21 kg per day of UIP from corn gluten meal.  He found a linear increase 

in ADG as level of supplemental UIP increased.  Anderson et al. (1988) reported that 

ADG was maximized when 0.23 kg/hd/d of supplemental UIP was provided to growing 

steers.  Karges et al. (1992) found similar results where ADG was maximized when 0.21 

kg/hd/d of supplemental UIP was provided to growing steers.   
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 There was no CHO by level of UIP interaction (P = 0.35) for hay DM, CP, or 

DOM intakes.  Hay DM intake was lower (P < 0.01) for animals supplemented with 

CITR compared to those supplemented with CORN (Figure 3-2).  This agrees with 

Ammerman et al. (1963), who noted a decrease in hay intake as citrus pulp replaced 

ground corn and cob meal in a supplement fed to steers.  In contrast, Martin (2001) 

reported no difference in hay DM intake between growing cattle supplemented with corn, 

citrus pulp, or soyhulls.   

Level of added UIP had a significant (P < 0.01) effect on hay DM intake.  As level 

of UIP increased, hay DM intake tended to decline in a quadratic fashion (P = 0.08), but 

followed a linear decline (P < 0.01; Figure 3-2).  This is in contrast to Ramos et al. (1998) 

who supplemented growing steers on pasture and Bohnert et al. (2002) who provided hay 

and supplemented steers through rumen and duodenum cannulas.   These authors found 

no effect of UIP supplementation on forage intake. 

Hay CP and DOM intakes (Figures 3-3 and 3-4) were higher (P < 0.01) for animals 

supplemented with CORN compared to those supplemented with CITR due to increased 

hay intake (Figures 3-3 and 3-4).  As level of UIP increased, there tended (P = 0.08) to be 

a quadratic decline in hay CP and DOM intakes, but a more linear trend was evident (P < 

0.01).   

Supplement DM, CP, and DOM intakes were (P = 0.01) different across all 

treatments (Table 3-4).  This is due to the intentional variable feeding rates which kept all 

supplements isoenergetic.  It was assumed that the magnitude of these differences would 

have little effect on rumen fill.   
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There was no CHO by level of UIP interaction observed for total DM intake (P = 

0.43).  Carbohydrate source and level of added UIP did affect total DM intake (P < 0.01).  

This disagrees with Nelson (1997) who found that increasing levels of UIP had no effect 

on DM intake.  When DM intake was combined for all levels of UIP, animals 

supplemented with CITR consumed less (347 kg) throughout the trial than those 

supplemented with CORN (296 kg).  When both CHO sources were combined, a 

quadratic depression (P = 0.02; Figure 3-5) of total DM intake was observed as level of 

UIP increased. 

There was no CHO by level of UIP interaction observed for total CP intake (P = 

0.57).  Carbohydrate source did not affect total CP intake (P = 0.16) but level of added 

UIP did (P < 0.01).  Increasing levels of UIP resulted in a quadratic (P = 0.02) depression 

of total CP intake (Figure 3-6).   

There was no CHO by level of UIP interaction observed for total DOM intake (P > 

0.44).  There was no difference in total DOM intake between CHO sources (P = 0.14).  

However, increasing levels of added UIP caused a quadratic (P = 0.05) depression on 

total DOM intake (Figure 3-7).    

The quadratic decline in total DM, CP, and DOM intakes as level of UIP increased 

would be expected as a result of the depression of hay DM intake as level of UIP 

increased. 

The average BCS for all animals throughout the trial was 5.04.  Body condition 

score was unaffected (P =0.62) by CHO source and there was no CHO by level of UIP 

interaction (P = 0.14).  This disagrees with Martin (2001) who reported that growing 

cattle supplemented with citrus pulp had a lower BCS compared to those supplemented 
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with corn.  Level of added UIP tended (P = 0.08) to affect BCS but only for the last 

period of the trial (Table 3-5).  Sletmoen-Olsen et al. (2000) observed a linear increase in 

BCS when UIP was provided at 0.29 kg per day to gestating cows.   

Citrus pulp-based supplements produced average daily gains similar to corn-based 

supplements in this trial.  As level of UIP increased, ADG increased while hay DM and 

total DOM intake decreased.  Animals fed citrus pulp-based supplements consumed less 

hay compared to those fed corn-based supplements over all levels of UIP.   

Implications 

 Maximum ADG was achieved at 0.22 kg of added UIP.  It is unclear if 0.22kg of 

added UIP is the optimal level of supplementation because it was the highest level 

evaluated in this trial.  More research is needed to determine the level of added UIP 

required to achieve maximum ADG of calves supplemented with corn or citrus pulp fed 

low quality bahia grass hay.  Citrus pulp supplements produced gains similar to corn and 

performance was enhanced as level of UIP increased.  This research would suggest that 

citrus pulp with added UIP could be used in place of corn with added UIP as an 

economical supplement for growing calves depending on availability and price. 

 



Table 3-1. Composition of supplements fed to growing cattle. 
  Citrus Pulp Treatments Corn Treatments 

Ingredient (%)  Citr 1 Citr 2 Citr 3 Citr 4 Citr 5 Corn 1 Corn 2 Corn 3 Corn 4 Corn 5 

Cracked corn (#405)  0.00 0.00 0.00 0.00 0.00 91.46 84.59 76.77 69.44 61.22

Citrus pulp (#605)  90.65 84.32 78.24 71.74 65.11 0.00 0.00 0.00   0.00   0.00

Soy Plus (42.5 % CP, 60 % UIP)  0.00 7.48 14.49 22.18 29.99 

 

 

 

 

0.00 7.95 16.82 25.12 34.43

Urea (#522)  5.25 4.41 3.63 2.77 1.90 5.08 4.19 3.22 2.30 1.27

Dynamate  1.15 1.07 1.02 0.93 0.86 1.17 1.10 1.01 0.92 0.84

Complete mineral  2.01 2.04 2.07 2.11 2.14 2.15 2.17 2.19 2.22 2.25

Dynafos  0.94 0.68 0.55 0.28 0.00 0.14 0.00 0.00 0.00 0.00 34

Citr 1 represents the citrus pulp treatment with 0 kg of added undegraded intake protein. 
Citr 2 represents the citrus pulp treatment with 0.055 kg of added undegraded intake protein. 
Citr 3 represents the citrus pulp treatment with 0.11 kg of added undegraded intake protein. 
Citr 4 represents the citrus pulp treatment with 0.165 kg of added undegraded intake protein. 
Citr 5 represents the citrus pulp treatment with 0.22 kg of added undegraded intake protein. 
 

 



 

Table 3-2. Feeding rate and nutrient composition of bahia grass hay and supplements fed to growing cattle. 
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 Hay Citrus Pulp Treatments Corn Treatments 
 
 

 Citr 1 Citr 2 Citr 3 Citr 4 Citr 5 Corn 1 Corn 2 Corn 3 Corn 4 Corn 5 

Feeding rate kg/hd/d Ad libitum 3.41          

          

3.36 3.27 3.23 3.18 3.18 3.14 3.09 3.09 3.05
 
Formulated 

 

TDN kg/hd/d --    2.07   2.07 2.07  2.07   2.07    2.07  2.07   2.07  2.07  2.07 
Crude protein kg/hd/d --    0.62   0.62  0.62    0.62   0.62  0.62  0.62   0.62  0.62  0.62 
DIP kg/hd/d --    0.58   0.52  0.47  0.41   0.36  0.51  0.46   0.40  0.35  0.30 
UIP kg/hd/d --    0.04   0.10  0.15  0.21   0.26  0.11  0.16   0.22  0.27  0.33 
DIP/TDN ratio --    0.28   0.25 

 
   0.23 

 
 0.20    0.17 

 
 0.25  0.22   0.19 

 
 0.17  0.14 

 
Actual Analysis 

       

Dry Matter (%)    89.39  87.13 87.40  87.46  87.86  88.23  87.91 88.05 88.44 88.55 88.66 
Organic Matter (%)    96.20  93.28 93.79  93.44  93.36  93.79  95.11 95.10 94.66 94.56 94.17 
Crude Protein (%)      7.52  25.47 24.68  26.35  25.78  24.78 24.07 24.00 24.44 23.96 24.81 
IVOMD (%)    26.80 90.78c         90.53bc 90.12b 88.78a  88.62a  91.22c  89.35a 89.57ab  89.77b  88.75a 
NDF (%)    71.37  12.35 13.24  14.05  14.85  15.61 10.10 10.40 11.73 12.62 13.22 
LS means within a row with different superscripts are different P < 0.05. 

 



 

Table 3-3. Total average daily gain by period for growing calves fed corn or citrus pulp supplements with increasing levels of UIP. 
 Supplements 

Average Daily Gain (kg) Citr 1 Citr 2 Citr 3 Citr 4 Citr 5 Corn 1 Corn 2 Corn 3 Corn 4 Corn 5 ± SE 
Period 1 (0-28 d.)  0.52a           

           
           

           

0.74ab 1.08b 1.03b 1.24b 0.64ab 1.00b 0.95b 1.00b 1.13b 0.12
Period 2 (28-56 d.) 0.34ab 0.27a 0.50ab 0.50ab 0.72b 0.51ab 0.42ab 0.59b 0.52ab 0.63b 0.10
Period 3 (56-84 d.) 0.15a 0.31ab 0.32ab 0.48b 0.65b 0.40ab 0.33ab 0.28ab 0.54b 0.54b 0.10

Total 84 d. 0.34a 0.44ab 0.63b 0.67bc 0.87c 0.52ab 0.59b 0.61b 0.67bc 0.77bc 0.08
LS means within a row with different superscripts are different P < 0.05. 
Total average daily gain (84 d.):  CHO x UIP (P = 0.31), CHO effect (P = 0.38), UIP effect (P < 0.001). 
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Table 3-4. Total intake, crude protein intake, and digestible organic matter intake of supplement and hay (±SE) for growing calves 
supplemented with corn or citrus pulp with increasing levels of UIP. 
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 Citrus Pulp Treatments Corn Treatments 
 
 Citr 1 Citr 2 Citr 3 Citr 4 Citr 5 Corn 1 Corn 2 Corn 3 Corn 4 Corn 5 SE 

Supplement Intakes (kg)            
    

       
         

  

      
      
     

  

         
    

         

Dry Matter 240.9cd 246.9d 242.1cd 238.5c 235.4bc 230.7ab 231.5ab 230.2ab 229.4ab 226.0a  2.34 
Crude Protein  61.4c 60.9c   63.8d 61.5cd   58.3b  55.5a  55.6a 56.3a  55.0a 56.1a  0.59 
Digestible Organic Matter 204.0c  209.6d  203.9c  197.7b  195.6b 200.2bc 196.7b 195.1b 194.7b 188.9a  2.00 
 
Hay Intakes (kg) 
Dry Matter 285.8a 330.1ab 303.7ab 290.7a 272.4a 382.0bc 394.2c 358.9bc 315.2ab 283.1a 22.32 
Crude Protein 21.5a 24.8ab   22.9ab 21.9a 20.5a 28.7bc 29.7c   27.0bc   23.7ab 21.3a  1.69 
Digestible Organic Matter 73.7a 85.1ab   78.3ab   74.9a 70.2a 98.5bc 101.6c   92.5bc 81.3ab 73.0a  5.79 
 
Total Intakes (kg) 
Dry Matter 526.7ab 576.7b 545.8ab 529.2ab 507.8a  612.7b 625.7b 589.0b 544.6ab 509.1a 23.57 
Crude Protein   82.9ab   85.8b 86.6b   83.4b   78.8ab   84.3b   85.2b 83.3b  78.7ab 77.4a  2.01 
Digestible Organic Matter 277.7a 294.7b 282.2b 272.6a 265.8a 298.6b 298.3b 287.6b 275.7a 261.9a  6.86 
LS means within a row with different superscripts are different (P < 0.05). 
Supplement DM intake:  CHO x UIP (P = 0.64), CHO effect (P < 0.01), UIP effect (P = 0.01). 
Supplement CP intake:  CHO x UIP (P < 0.01), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Supplement DOM intake:  CHO x UIP (P = 0.09), CHO effect (P < 0.01), UIP effect (P < 0.01). 
 
Hay DM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay CP intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay DOM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01).  
 
Total DM intake:  CHO x UIP (P = 0.43), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Total CP intake:  CHO x UIP (P = 0.57), CHO effect (P = 0.16), UIP effect (P < 0.01). 
Total DOM intake:  CHO x UIP (P = 0.44), CHO effect (P = 0.14), UIP effect (P < 0.01).   

 



 

Table 3-5. Body condition score (1-9 scale ± SE) by period for growing calves fed citrus pulp supplements with increasing levels of 
UIP. 
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   Level of Added UIP (Citrus Pulp and Corn Combined) 

BCS Level 1 Level 2 Level 3 Level 4 Level 5 Linear Quadratic 

Initial      (d. 0) 4.92 ± 0.16 4.89 ± 0.16 4.89 ± 0.16 4.78 ± 0.17 4.98 ± 0.17 P = 0.96 P = 0.58 
Period 1 (d. 28) 4.91 ± 0.13 4.88 ± 0.13 4.96 ± 0.13 5.00 ± 0.13 5.30 ± 0.14 P = 0.03 P = 0.24 
Period 2 (d. 56) 4.99 ± 0.14 4.95 ± 0.14 5.21 ± 0.14 5.07 ± 0.15 5.41 ± 0.15 P = 0.04 P = 0.52 
Period 3 (d. 84) 4.95 ± 0.11 4.95 ± 0.11 5.16 ± 0.11 5.28 ± 0.11 5.28 ± 0.12 P = 0.01 P = 0.83 

BCS change (d. 0-84)  0.03 ± 0.16a 0.06 ± 0.16a 0.27 ± 0.16b 0.50 ± 0.17c 0.30 ± 0.17b P = 0.91 P = 0.87 
LS means within a row with different superscripts are different P < 0.05.  Carbohydrate source x level of UIP interaction P = 0.14.  
Level of UIP effect P = 0.08.  Carbohydrate source effect P = 0.62. 
 

 

 



CHAPTER 4 
EFFECTS OF FEEDING CITRUS PULP SUPPLEMENTS ON THE PERFORMANCE 

OF CALVES IN A PRECONDITIONING PROGRAM 

 
Introduction 

 
Typically the highest cost associated with preconditioning programs is feed 

(Lalman et al., 2002; Thrift et al., 2003).  Preconditioning feeds must be highly palatable 

in order to decrease fasting and stress, and increase gain during the first week of weaning.  

After this “walk and bawl” period, returning the calves to high quality pasture along with 

supplementation is usually the most economical solution (Lalman et al., 2002).  

Feedstuffs utilized for preconditioning calves vary greatly.  Many authors suggest high 

quality pasture or hay in combination with concentrate and mineral supplementation.  

Usually these supplements are expensive and therefore, feed costs will most likely dictate 

if a preconditioning program is economically feasible.  However, if cheaper feedstuffs 

can be utilized, it may be possible to increase profits for producers.   

Citrus pulp is a byproduct energy concentrate feed that is readily available to 

Florida cattle producers (Arthington et al., 2002).  Recent declines in export opportunities 

have made citrus pulp an affordable byproduct feed for Florida cattle producers 

(Arthington and Pate, 2001).  Based on NRC values (1996), citrus pulp is a good source 

of energy (82 % TDN) but a poor source of protein (6.7 % CP).  Therefore, in order to 

evaluate the potential of citrus pulp as an affordable feedstuff for preconditioning cattle, 

additional protein is needed.  Previous research with growing calves indicated that citrus 

39 
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pulp with added UIP produced similar gains to corn with the same level of added UIP.  

This research showed that 0.22 kg of added UIP per head per day resulted in the greatest 

gains.  This trial was conducted to evaluate the effects of citrus pulp with added UIP as a 

feedstuff in a preconditioning program. 

Materials and Methods 

 
 This study was conducted at the University of Florida Beef Research Unit, located 

in Alachua County, Florida from September 2002 thru October 2002.    

One hundred fifty Angus x Brahman crossbred calves (69 steers and 83 heifers) 

averaging 241 kg body weights were utilized in a 42 day preconditioning program.  

Calves ranged in breed type from nearly all Angus to nearly all Brahman and had 

received two shots of a 4-way respiratory vaccination and two clostridial vaccines while 

still on the cow.  These calves were stratified by weight, sex, and breed type then 

randomly assigned to one of four supplemental treatments.  Initial weights were similar 

across treatments (P = 0.99).   

Treatments consisted of control (CONTROL; no supplement), citrus pulp (CITR), 

citrus pulp with 0.22 kg of added UIP (CITR+UIP), or citrus pulp with added urea 

(CITR+UREA).  The CITR+UREA treatment was formulated to be isonitrogenous to the 

CITR+UIP treatment.  All supplements were mixed at the University of Florida feed mill, 

Gainesville, FL.  A complete summary of treatments is available in Table 4-1.   

Calves were weaned on September 11, 2002 when they were separated according to 

treatment group, weighed, ear tagged, and placed in drylot pens with adequate shade.  

During this period, calves were offered access to their respective supplement starting at 

1.36 kg per head per day and gradually increased to 2.27 kg per head per day. Bahia grass 
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hay, water, and mineral were offered ad libitum.  All hay used for this trial was harvested 

into small square bales from a pasture of Argentine bahia grass with minimal infestation 

of common bermuda grass.  Hay quality was analyzed to contain 7.5 % CP (DM basis) 

and had an IVOMD of 27 percent.  After 7 days, animals were treated with one 227 kg 

dose of Eprinex® (Merial Limited, Iselin, New Jersey) pour-on at weighing.  Calves were 

then moved to one of four 3 hectare pastures with adequate shade where they remained 

until the end of the trial.  Pastures were a mixture of bahia grass and common bermuda 

grass and were created by cross-fencing one large pasture.  While on pasture, calves were 

fed 2.27 kg per head per day of their respective treatment each morning in portable feed 

troughs and weighed every 7 days prior to feeding.   

Pastures were sampled prior to stocking and every 7 days throughout the trial.  

Pastures were sampled using the “hand pluck method” as described by Sollenberger and 

Cherney (1995).  Samples were weighed and placed in a 60˚ C forced air oven for seven 

days to determine their dry matter.  Supplement samples were taken weekly by sampling 

several feed bags.   Pasture and supplement samples were analyzed for:  dry matter (DM) 

at 105˚ C for 8 hours in a forced air oven (AOAC, 2000), organic matter (OM) at 550˚ C 

for 6 hours in a muffle furnace (AOAC, 2000), crude protein (CP) by Kjeldahl N 

procedure (AOAC, 2000) x 6.25, neutral detergent fiber (NDF) by the Ankom method 

(Ankom Technology, Fairport, NY), and in vitro organic matter digestibility (IVOMD) as 

described by Moore and Mott, 1974.  

Statistical Procedures 

 Data were analyzed using the general linear model (GLM) procedure of the 

Statistical Analysis System (SAS, 2001).  The statistical model used was: 
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Y = µ + SEXi + CBGj + TRTk + εijk  

where  

Y = response variable  

 µ  = mean 

 SEXi = effect due to sex of animal 

 CBGj = effect due to breed of animal 

 TRTk = effect due to treatment 

 Eijk = residual error 

Results and Discussion 

 
Diets 

 Supplement formulations and actual chemical composition of supplements and 

pasture are listed in Table 4-1.  The pastures utilized in this experiment were similar in 

OM, CP, NDF, and IVOMD across all treatments (P > 0.05).  No interaction was 

observed between treatment and week for OM, CP, or IVOMD.  An interaction between 

treatment and week (P = 0.04) was noted for NDF.  However, the difference in NDF 

content was small and it was assumed that it did not affect the results.  There was a 

quadratic (P ≤ 0.01) decline in CP (Figure 4-1) and IVOMD across all treatments from 

day 0 to day 42 with the greatest depression seen between weeks one and two (Table 4-

2).  This agrees with Bodine et al. (2000b) who observed a decrease in forage CP and 

IVOMD over time with steers on pasture.  This is probably due to calves selectively 

grazing of the best quality forage during the early weeks of the trial.   
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The DM, OM, and NDF were similar across all supplements (P > 0.30).  The CP 

content was different (P = 0.05) between supplements by design, because not all 

supplements were formulated to be isonitrogenous.  The IVOMD varied (P = 0.05) across 

supplements because of the supplement formulation including the addition of urea and 

UIP.  The CP content of CITR+UREA was similar (P = 0.45) to CITR+UIP suggesting 

they were isonitrogenous, as formulated.   

Animal Response 

 During the second week, two animals died from complications related to heat 

stress and possibly a combination of urea toxicity.  These animals were removed from 

data set prior to analysis.  There was no treatment by week interaction (P = 0.13) for 

ADG.  However, treatment did have an effect (P < 0.05) on ADG for all weeks except 

week three where a tendency was observed (P = 0.07).  Supplemented calves had higher 

42 d. ADG than unsupplemented calves (P < 0.01).  There was a treatment effect (P < 

0.01) on 42 d. ADG as well (Figure 4-2).  The CITR+UIP treatment produced the greatest 

42 d. ADG (0.43 kg), while CITR and CIRT+UREA had an intermediate 42 d. ADG 

(0.33 and 0.24 kg respectively).  Animals on the control treatment had the lowest 42 d. 

ADG (0.14kg).  The ADG observed in this trial is much lower than those reported by 

Pritchard and Mendez (1990).  They found that preconditioning Charolais-sired calves for 

25-30 days on ranches in South Dakota resulted in an ADG of 0.9 kg per head.  The 

difference in ADG could be due to the difference in breed, forage type, supplement, and 

weather effects.  Across all weeks, there tended (P = 0.07) to be a quartic effect of week 

on ADG (Figure 4-3).  All calves lost weight in the first week, and then gained steadily 

throughout the remainder on the trial except for week five where very little gain was 

observed for any treatment.  Across all treatments, calves lost approximately 5 kg during 
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the first week.  This corresponds to the stress from weaning compounded by the drylot 

environment and poor quality hay offered.  This agrees with Pate and Crockett (1973) 

who reported a weight loss of 4.5-9.0 kg during the first week after weaning.  The lack of 

gain during week five is believed to be due to weather conditions, which were hot and 

dry.   

Animal sex tended (P = 0.09) to have an effect on 42 d. ADG.  Across all 

treatments, 42 d. ADG was 0.67 kg for steers compared to 0.59 kg for heifers.  Animal 

breed type also tended (P = 0.06) to have an effect on 42 d. ADG (Figure 4-4).  Crossbred 

cattle with more than 20 percent Bos indicus breeding had higher ADG than those with 

less than 20 percent Bos indicus.  Brangus (3/8 B, 5/8 A) calves had intermediate ADG.   

Economic Evaluation 

A summary of the costs associated with preconditioning calves in this trial is given 

in Table 4-3.  Costs of vaccines, anthelmintic, hay, mineral, supplement, pasture fertilizer 

and pesticide, and labor were included in the total cost of preconditioning calves.  Also 

included were the opportunity costs of pasture (based on lease rate) and interest (based on 

selling calves at weaning).  Total cost of preconditioning was similar for all 

supplemented calves at about $27 per head, with supplement being the largest percent of 

cost. 

Profitability of the different preconditioning treatments was calculated by 

comparing them to non-preconditioned calves sold at weaning (Table 4-4).  In this 

evaluation, it was assumed that non-preconditioned calves would weigh 241 kg and 

would sell for $1.76/kg.  Based on this, a breakeven price was calculated for each 

preconditioning treatment by adding the cost of preconditioning to the income received if 

the calves had been sold at weaning ($424.16) and dividing by the market weight or 
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weight at weaning (241 kg) plus the gain realized over the preconditioning period.  The 

breakeven price for the control, CITR, CITR+UREA, and CITR+UIP treatments is 

$1.79/kg, $1.77/kg, $1.79/kg, and $1.75/kg respectively.   

Assuming that preconditioned calves would sell for the same price as non-

preconditioned calves ($1.76/kg), the profit from each preconditioning treatment was 

calculated.  At this price, the only supplement that would return a profit over cost was 

CITR+UIP.  This supplement produced a $3.17 profit per head.   

If the preconditioned calves brought a premium at the time of sale (1.87/kg), then 

all treatments would produce a profit over calves sold at weaning for a market price of 

$1.76/kg.  At these market prices, the profit per head from CITR+UIP is $31.68, the 

profit from CITR is $26.48, the profit from control was $19.71, and the profit from 

CITR+UREA was $19.52. 

Although the ADG of the calves supplemented in this experiment was low to 

moderate, it was better than unsupplemented animals.  Of the supplemented calves, those 

fed the CITR+UIP supplement had the highest 42 d. ADG (0.43 kg), and those 

supplemented with CITR+UREA had the lowest (0.24 kg).  Based on the assumptions 

mentioned above, the most profitable treatment was CITR+UIP and the least profitable 

was the control. 

Implications 

 Animals supplemented with feed in this preconditioning program produced higher 

gains than those that were unsupplemented.  Gains were low to moderate and profit was 

minimal.  It is well documented that preconditioned calves are healthier than non-

preconditioned calves resulting in improved performance in the feedlot.  This is 

particularly important when trying to establish a reputation for quality calves or when 
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considering retained ownership and was not accounted for in this economic evaluation.  

Increased performance of preconditioned calves in the feedlot has led to premiums 

offered for preconditioned calves.  These premiums, as well as weight gain, the cost of 

preconditioning, market price, and marketing method will affect the profitability of 

preconditioning programs.   
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Table 4-1. Feeding rate, formulation, and nutrient composition of pasture and supplements fed to preconditioned calves. 
   Pasture Supplements

Pasture CONTROLa CITR CITR+UREA CITR+UIP
Feeding rate kg/hd/d Ad libitum --   2.27     2.31    2.49 
 
Ingredient (%) 

     

Citrus pulp (#605)  --         100.00  98.00            91.00 
Soy Plus (42.5 % CP, 60 % UIP)  --   0.00    0.00  9.00 
Urea (#522)  --   0.00    2.00  0.00 
 
Formulated 

     

TDN kg/hd/d -- --   1.70   1.70  1.86 
Crude protein kg/hd/d -- --   0.16   0.27  0.27 
DIP kg/hd/d -- --   0.11   0.21  0.15 
UIP kg/hd/d -- --   0.06   0.06  0.12 
 
Actual Analysis      

Dry Matter (%) 38.92 -- 91.04 90.74 90.88 
Organic Matter (%) 95.99 -- 94.18 94.39 94.28 
Crude Protein (%) 14.06 --    7.24a 

 
      

 11.93b   10.38ab 
IVOMD (%) 

 
30.11 --  87.05a           86.73b  86.80b 

NDF (%) 68.86 -- 20.11 19.74 20.32

    

LS means within a row with different superscripts are different P < 0.05. 
a Pasture only 

 



 

Table 4-2. Pasture Quality (± SE) by week for preconditioned calves fed citrus pulp supplements. 
                                                             Analysis   

OM CP IVOMD NDF
Week 1  95.94 ± 0.06ab 17.69 ± 0.33c  32.40 ± 0.21d 67.03 ± 0.26c 
Week 2 96.24 ± 0.06b 13.72 ± 0.33b  30.86 ± 0.21c 68.34 ± 0.26b 
Week 3  95.94 ± 0.06ab 13.89 ± 0.33b  29.85 ± 0.21b  68.50 ± 0.26b 
Week 4  95.93 ± 0.06ab 13.85 ± 0.33b    29.49 ± 0.21ab 69.66 ± 0.26a 
Week 5 96.10 ± 0.06b  12.79 ± 0.33a  29.05 ± 0.21a 69.85 ± 0.26a 
Week 6 95.80 ± 0.06a 12.43 ± 0.33a   29.04 ± 0.21a 69.81 ± 0.26a 

     

LS means within a column with different superscripts are different P < 0.05. 
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Table 4-3. Peconditioning costs. 
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 Cost per head ($) 

 Non-
preconditioned CONTROL CITR CITR+UREA CITR+UIP 

Vaccines  (all were given preweaning) -- $4.16 $4.16 $4.16 $4.16 
     2 clostridial vaccine @ $0.529/dose      
     2 chemically altered MLV @ $1.10/dose      
Anthelmintic  (227 kg dose given at day 7) -- $1.94 $1.94 $1.94 $1.94 
     Eprinex® pour-on  (eprinomectin)       
Hay (19 kg/bale) -- $2.24 $2.24 $2.24 $2.24 
     28 bales/treatment @ $3.00/bale      
Pasture (opportunity cost) -- $0.46 $0.46 $0.46 $0.46 
     12 hectares @ $49/hectare lease rate x 42 days      
Fertilizer @ 67 kg/hectare (19 % N)  -- $3.38 $3.38 $3.38 $3.38 
Pasture pesticide  (army worm) -- $1.00 $1.00 $1.00 $1.00 
Mineral  (68 kg/treatment @ $0.29/kg) -- $0.53 $0.53 $0.53 $0.53 
Supplement (total trial) -- -- $8.19   $8.61 $10.75
Labor  (15 min./d. @ $6/hr.) -- $2.25 $2.25 $2.25 $2.25 
Interest (opportunity cost) -- $2.06 $2.06 $2.06 $2.06 
     5 % interest if calves sold at $1.76/kg      
Total costs -- $18.02 $26.21 $26.63 $28.77 
 
 

 



 

Table 4-4. Preconditioning profits. 
    Cost per head ($) 

 Non-
preconditioned CONTROL CITR CITR+UREA CITR+UIP 

Supplement (total trial) -- -- $8.19 $8.61 $10.75 
Total costs -- $18.02 $26.21 $26.63 $28.77 
Total gain (kg) --     5.99  14.02   10.56   18.15 
Calf weight at marketing (kg) 241 247 255 252 259 
Cost of gain ($/kg) b --   $3.01  $2.05   $2.52   $1.44 
Breakeven @ $1.76/kg ($/kg) c --   $1.79  $1.77   $1.79   $1.75 
Income/head @ $1.76/kg d $424.16 a     $434.72    $448.84     $442.75    $456.10 
     Profit over non-preconditioned calves e  --        -$7.46       -$1.53        -$8.04        $3.17 
Income/head @ $1.87/kg f --     $461.89    $476.85     $470.31    $484.61 
     Profit over non-preconditioned calves g --       $19.71      $26.48       $19.52      $31.68 
a Assuming non-preconditioned calves weighed the same as preconditioned calves at weaning (241 kg). 50

b The cost of preconditioning divided by the gain realized from preconditioning. 
c The cost of preconditioning plus the income received if calves were marketed at weaning ($424.16) divided by the total of the market 
weight plus the gain realized from preconditioning. 
d The income received if calves were marketed at $1.76/kg multiplied by the market weight. 
e The income received if calves were marketed at $1.76/kg multiplied by the market weight minus the total of income received if 
calves were marketed at weaning ($424.16) and the cost of preconditioning. 
f The income received if calves were marketed at $1.87/kg multiplied by the market weight. 
g The income received if calves were marketed at $1.87/kg multiplied by the market weight minus the total of income received if 
calves were marketed at weaning ($424.16) and the cost of preconditioning. 
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Figure 4-1. Crude protein (CP) of pasture for preconditioned calves fed citrus pulp supplements by week.  Week effect P < 0.01. 
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Figure 4-2. Total average daily gain (ADG) of preconditioned calves fed citrus pulp supplements by treatment.  Treatment effect P < 

0.01. 
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Figure 4-3. Average daily gain (ADG) of preconditioned calves fed citrus pulp supplements by week.  Treatment x week interaction P 

= 0.13.  Treatment effect  P < 0.01.  Week effect P < 0.01. 
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Figure 4-4. Effect of Bos indicus breeding on total average daily gain of preconditioned calves.  Breed effect P = 0.06. 

 

 



 

CHAPTER 5 
CONCLUSIONS 

Citrus pulp supplements with added undegraded intake protein (UIP) show promise 

as an economical supplement for growing cattle in Florida.  These supplements have 

shown to increase gain and decrease hay intake in growing cattle fed hay.  Citrus pulp 

with added UIP has also shown to increase gains of calves in a preconditioning program. 
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Appendix Table A-1.  Total average daily gain (± SE) by period for growing calves fed citrus pulp supplements with increasing levels 
of UIP. 

    Citrus Pulp Treatments 

Average Daily Gain 
(kg ± SE) Citr 1 Citr 2 Citr 3 Citr 4 Citr 5 Linear Quadratic 

Period 1 (0-28 d.)  0.52 ± 0.12a     0.74 ± 0.12ab 1.08 ± 0.12bc 1.03 ± 0.12c 1.24 ± 0.12c P = 0.55 P = 0.33 
Period 2 (28-56 d.) 0.34 ± 0.10a      0.27 ± 0.10a 0.50 ± 0.10ab 0.50 ± 0.10ab 0.72 ± 0.10b P = 0.29 P = 0.22 
Period 3 (56-84 d.) 0.15 ± 0.10a     0.31 ± 0.10ab 0.32 ± 0.10ab 0.48 ± 0.10bc 0.65 ± 0.10c P = 0.07 P = 0.04 
Total 84 d. 0.34 ± 0.07a     0.44 ± 0.07ab 0.63 ± 0.07bc 0.67 ± 0.07cd 0.87 ± 0.08d P = 0.13 P = 0.05 
 

Corn Treatments

Average Daily Gain 
(kg ± SE) Corn 1 Corn 2 Corn 3 Corn 4 Corn 5 Linear Quadratic 

Period 1 (0-28 d.)  0.64 ± 0.12a 1.01 ± 0.12ab 0.95 ± 0.12b 1.00 ± 0.12b 1.13 ± 0.12b P = 0.55 P = 0.33 
Period 2 (28-56 d.) 0.51 ± 0.10a 0.42 ± 0.10a 0.59 ± 0.10a 0.52 ± 0.10a 0.63 ± 0.10a P = 0.29 P = 0.22 
Period 3 (56-84 d.) 0.40 ± 0.10a 0.33 ± 0.10a 0.28 ± 0.10a 0.54 ± 0.10a 0.54 ± 0.10a P = 0.07 P = 0.04 
Total 84 d. 0.52 ± 0.07a 0.59 ± 0.07a 0.61 ± 0.07a 0.67 ± 0.07a 0.77 ± 0.08b P = 0.13 P = 0.05 
 

    Level of Added UIP (Citrus Pulp and Corn Combined) 

Average Daily Gain 
(kg ± SE) Level 1 Level 2 Level 3 Level 4 Level 5 Linear Quadratic 

Period 1 (0-28 d.)   0.58 ± 0.09a 0.87 ± 0.09b  1.02 ± 0.09bc  1.02 ± 0.09bc  1.20 ± 0.09c P < 0.01 P = 0.27 
Period 2 (28-56 d.)   0.40 ± 0.07ab 0.34 ± 0.07a 0.55 ± 0.07b 0.52 ± 0.07ab 0.64 ± 0.07b P = 0.89 P = 0.65 
Period 3 (56-84 d.)  0.31 ± 0.07a 0.34 ± 0.07a 0.32 ± 0.07a 0.48 ± 0.07ab 0.64 ± 0.07b P = 0.38 P = 0.12 
Total 84 d.  0.43 ± 0.05a   0.52 ± 0.05ab 0.63 ± 0.05b     0.67 ± 0.05b  0.82 ± 0.05c P = 0.40 P = 0.75 
LS means within row with different superscripts are different P < 0.05.  Carbohydrate x UIP interaction P = 0.31.  Level of added UIP 
effect P < 0.01.  Carbohydrate source effect P = 0.38. 
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Appendix Table A-2.  Total intake, crude protein intake, and digestible organic matter intake of supplement and hay (±SE) for 
growing calves supplemented with citrus pulp with increasing levels of UIP. 

 Citrus Pulp Treatments 

 Citr 1 
 

Citr 2 Citr 3 Citr 4 Citr 5 Linear 
 

Quadratic 
 Supplement Intake (kg ± SE)      

Dry Matter Intake  241±2.2cd   247±2.2d   242±2.3cd   239±2.2c   235±2.3bc P < 0.01 P = 0.05 
Crude Protein Intake 61.4±0.6c    

     
    

60.9±0.6c  63.8±0.6d  61.5±0.6cd  58.3±0.6b P = 0.06 P < 0.01 
Digestible Organic Matter Intake  204±1.9c   210±1.9d   204±1.9c   198±1.9b   196±2.0b P < 0.01 

 
P = 0.07 
 Hay Intake (kg ± SE) 

Dry Matter Intake  286±21.5a  330±21.5ab 304±21.6ab 291±21.6a 272±22.4a P < 0.01 P = 0.09 
Crude Protein Intake 21.5±1.6a   

    
     

   

 24.8±1.6ab 22.9±1.6ab  21.9±1.6a  20.5±1.7a P < 0.01 P = 0.09 
Digestible Organic Matter Intake 73.7±5.6a  85.1±5.5ab 78.3±5.6ab  74.9±5.6a  70.2±5.8a P < 0.01 

 
P = 0.09 
 Total (kg ± SE) 

Dry Matter Intake 527±22.6ab 577±22.6b   546±22.7ab  529±22.6ab 508±23.5a P < 0.01 P = 0.07 
Crude Protein Intake 82.9±1.9ab   85.8±1.9b 86.6±1.9b  83.4±1.9b  78.8±2.0ab P < 0.01 P = 0.02 
Digestible Organic Matter Intake  278±6.6a   295±6.6b    282±6.6b   273±6.6a   266±6.9a P < 0.01 P = 0.05 
LS means within a row with different superscripts are different P < 0.05. 
Supplement DM intake:  CHO x UIP (P = 0.64), CHO effect (P < 0.01), UIP effect (P = 0.01). 
Supplement CP intake:  CHO x UIP (P < 0.01), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Supplement DOM intake:  CHO x UIP (P = 0.09), CHO effect (P < 0.01), UIP effect (P < 0.01). 
 
Hay DM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay CP intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay DOM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01).  
 
Total DM intake:  CHO x UIP (P = 0.43), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Total CP intake:  CHO x UIP (P = 0.57), CHO effect (P = 0.16), UIP effect (P < 0.01). 
Total DOM intake:  CHO x UIP (P = 0.44), CHO effect (P = 0.14), UIP effect (P < 0.01). 
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Appendix Table A-3.  Total intake, crude protein intake, and digestible organic matter intake of supplement and hay (±SE) for 
growing calves supplemented with corn with increasing levels of UIP. 

 Corn Treatments 

 Corn 1 
 

Corn 2 Corn 3 Corn 4 Corn 5 Linear 
 

Quadratic 
 Supplement Intake (kg ± SE)      

Dry Matter Intake  231±2.2ab   232±2.2ab   230±2.3ab   229±2.2ab   226±2.3a P < 0.01 P = 0.05 
Crude Protein Intake 55.5±0.6a   

     
   

55.6±0.6a    .  56.3±0.6a  55.0±0.6a  56.1±0.6a P = 0.06 P < 0.01 
Digestible Organic Matter Intake  200±1.9bc   197±1.9b   195±1.9b   195±1.9b   189±2.0a P < 0.01 

 
P = 0.07 
 Hay Intake (kg ± SE) 

Dry Matter Intake  382±21.5bc  394±21.5c   359±21.6bc 315±21.6ab 283±22.4a P < 0.01 P = 0.09 
Crude Protein Intake 28.7±1.6bc  29.7±1.6c  27.0±1.6bc  23.7±1.6ab 

    
     

   

 21.3±1.7a P < 0.01 P = 0.09 
Digestible Organic Matter Intake 98.5±5.6bc  101.6±5.5c  92.5±5.6bc  81.3±5.6ab  73.0±5.8a P < 0.01 

 
P = 0.09 
 Total (kg ± SE) 

Dry Matter Intake 613±22.6b 626±22.6b    589±22.7b  545±22.6ab 509±23.5a P < 0.01 P = 0.07 
Crude Protein Intake 84.3±1.9b   85.2±1.9b 83.3±1.9b  78.7±1.9ab  77.4±2.0a P < 0.01 P = 0.02 
Digestible Organic Matter Intake  299±6.6b   298±6.6b    288±6.6b   276±6.6a   262±6.9a P < 0.01 P = 0.05 
LS means within a row with different superscripts are different P < 0.05. 
Supplement DM intake:  CHO x UIP (P = 0.64), CHO effect (P < 0.01), UIP effect (P = 0.01). 
Supplement CP intake:  CHO x UIP (P < 0.01), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Supplement DOM intake:  CHO x UIP (P = 0.09), CHO effect (P < 0.01), UIP effect (P < 0.01). 
 
Hay DM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay CP intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Hay DOM intake:  CHO x UIP (P = 0.35), CHO effect (P < 0.01), UIP effect (P < 0.01).  
 
Total DM intake:  CHO x UIP (P = 0.43), CHO effect (P < 0.01), UIP effect (P < 0.01). 
Total CP intake:  CHO x UIP (P = 0.57), CHO effect (P = 0.16), UIP effect (P < 0.01). 
Total DOM intake:  CHO x UIP (P = 0.44), CHO effect (P = 0.14), UIP effect (P < 0.01). 
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Appendix Figure A-1.  Total average daily gain (ADG) of calves supplemented with corn or citrus pulp with increasing levels of UIP 
by level of added UIP. 
CHO X UIP interaction P = 0.31, CHO effect P = 0.38, UIP effect P < 0.01. 
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Appendix Figure A-2.  Total hay dry matter (DM) intake of calves supplemented with corn or citrus pulp with increasing levels of UIP 
by level of added UIP. 
CHO x UIP interaction P = 0.43, CHO effect P < 0.01, UIP effect P < 0.01. 
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Appendix Table B-1.  Average daily gain (± SE) by week and total gain for preconditioned calves fed citrus pulp supplements. 
   Supplements 

Control CITR CITR+UREA CITR+UIP
Average Daily Gain 
(kg ± SE) 
Week 1           -1.12 ± 0.13a           -0.38 ± 0.13c -0.77 ± 0.13b            -0.78 ± 0.13b 
Week 2  1.09 ± 0.10b 0.49 ± 0.10a  0.53 ± 0.10a 1.20 ± 0.10b 
Week 3  0.50 ± 0.08a 0.80 ± 0.09b   0.63 ± 0.09ab  0.58 ± 0.08ab 
Week 4   0.28 ± 0.09ab 0.50 ± 0.09b  0.19 ± 0.09a 0.47 ± 0.09b 
Week 5           -0.14 ± 0.07a          -0.02 ± 0.07ab  0.09 ± 0.07b 0.11 ± 0.07b 
Week 6 0.24 ± 0.08a 0.60 ± 0.09b   0.80 ± 0.09bc 0.99 ± 0.08c 
Total 0-42 d. ADG 0.14 ± 0.02a 0.33 ± 0.02c  0.24 ± 0.02b  0.43 ± 0.02d 
Total gain 0-42 d. 5.99 ± 0.82a 14.02 ± 0.82c 10.56 ± 0.84b 18.15 ± 0.82d 

    

    

LS means within row with different superscripts are different P < 0.05.  Treatment effect P < 0.01. 63
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Appendix Figure B-1.  Organic matter (OM) of pasture for preconditioned calves fed citrus pulp supplements by week.  SE = 
0.064.Treatment effect P = 0.01.  Week effect P < 0.01. 
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Appendix Figure B-2.  In vitro organic matter digestibility (IVOMD) of pasture for preconditioned calves fed citrus pulp supplements 
by week.  Treatment effect P = 0.07.  Week effect P < 0.01.   
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