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ABSTRACT 

 

Six ruminally fistulated steers (average BW 317 kg) were used in a 5 X 5 + 1 

Latin Square design to determine effects of humic/fulvic acid (HFA) on serum urea 

nitrogen (SUN), rumen pH, rumen ammonia nitrogen (RAN), and rumen VFA production 

in Holstein steers.  Treatments included a control (0%), 0.5, 1.0 or 1.5% HFA, and a diet 

containing monensin (33 mg/kg).  A quadratic feed intake response was observed; with 

intake lowest for 0.5 and 1.0 and highest for 1.5 relative to control steers.  No treatment x 

time interaction was observed for RAN, pH, SUN, total VFA or individual VFA. No 

treatment differences were observed for total VFA concentrations (mM), or for molar 

proportion of acetate, propionate, butyrate or valerate.  A quadratic response was 

observed for butyrate and isovalerate.  However, HFA does not alter rumen fermentation 

in the same mode of action as monensin. 
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CHAPTER 1 

BACKGROUND 

In today’s fast-paced agriculture industry there are increasing economic and 

environmental challenges facing agriculturalists.  The beef industry is one facet being 

faced with these issues.  Economic challenges such as increased demand for natural and 

organic beef products has become a topic of many discussions.  Accompanying this, the 

shortage of cattle on feed over the past few years and increased demand for prime beef by 

foreign markets has had cattle feeders on the lookout for niche markets and new products.  

Environmental concerns also arise daily in the feedlot industry due to high concentrations 

of cattle. This raises many contamination and/or health issues.  These are only a small 

number of concerns, but definitely some of the most pertinent issues that cattle feeders 

face today.    

Natural and organic sales have sky rocketed in the past 16 years.  Organic 

products are defined by USDA (2000) as “A production system that is managed in 

accordance with the [Organic Foods Production Act] and regulations in this part to 

respond to site-specific conditions by integrating cultural, biological and mechanical 

practices that foster cycling of resources, promote ecological balance, and conserve 

biodiversity.”  All products that are labeled organic must follow the standards put in 

place for the production, processing and handling of crops, processed agricultural 

products and livestock (Dimitri and Greene, 2002).  Despite strict regulations, organic 

sales have grown and have continued to increase by 20 to 25% or more each year 

(USDA, 2000).  This demand stems from several different consumer perceptions.  When 
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surveyed by the Hartman Group (2002), consumers cited health and nutrition (66%), taste 

(38%), food safety (30%) and the environment (26%) as motivating factors behind 

organic food purchases.   Due to consumer demand new products continue to be 

introduced.  In the first half of 2000 there were over 800 new products introduced (Myers 

and Rorie, 2000) and organic products are currently being marketed in 73% of all 

“conventional” grocery stores (Food Marketing Institute, 2001).  Particularly due to 

increased product diversity, leading the pack in sales are fruit and vegetable sectors 

followed by nondairy beverages, packaged foods, dairy products and breads and grains, 

respectively (Nutrition Business Journal, 2004).  Beef has not yet made the top five as far 

as sales are concerned.  The single most important inhibitor of organic beef production is 

efficiency.  It can cost 25% more to produce natural beef than to produce traditional beef 

(Mayer, 1999).  Traditionally, the beef industry utilizes several different tactics that 

considerably enhance efficiency, such as implantation of growth promotants into 

finishing cattle.  A study conducted by Sawyer et al. (2003) at New Mexico State 

University provided data that showed a net profit of $17.20 per head after a 140 day 

feeding period for those cattle that were implanted compared to a ($27.12) net loss per 

head for those that were not implanted.  This is a substantial amount of money when 

multiplied by thousands of head of cattle.  The inability to use exogenous hormones or 

antibiotics is one of the major drawbacks to the production of organic or natural beef. 

However, recent success from niche programs that offer “hormone-free” products 

suggests that we need to find a natural way to achieve similar performance results as 

implanted cattle.  
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In addition to consumer push for organic and natural beef is the issue of environmental 

awareness.  As stated previously, 26% of consumers that purchase organic foods are 

motivated by environment.  Another survey completed by Whole Foods in 2004 

concluded that 58% of consumers that purchase organic foods were concerned with the 

environment.  In addition, a high percentage of consumers are concerned with how 

livestock are produced and how production methods affect the environment.  Ruminants 

are producers of ammonia and methane gas.  Dr. Michael Karr (personal communication, 

2005) indicated that the greatest source of ammonia emissions from human-derived 

activities comes from the manure generated by the livestock industry.  These N emissions 

contribute to air and water quality problems.  In water, N causes excess algae growth in 

streams, lakes, reservoirs, and coastal waterways, which has led federal and state 

governments to implement regulations requiring nutrient management plans by farms 

with concentrated animal feeding operations to protect air and water quality (Tedeschi et 

al., 2003).  In addition, methane production by cattle is currently a growing concern.  The 

world’s 1.3 billion cattle account for some 73% of the 80 Tg (1Tg= 1 million metric tons) 

of methane produced by livestock worldwide each year (Gibbs and Johnson, 1994). 

However, the contribution by cattle to any global warming that may occur in the next 50 

to 100 years has been estimated to be a little less than 2% (K.A. Johnson and D.E. 

Johnson, 1995). Even so, a balance is needed between production efficiency and 

environmental protection.  Stock et al. (1990) demonstrated that a high concentrate diet 

(90 to 100%) increases gain and efficiency.  A high grain diet also decreases methane 

production (Fahey et al., 1988), but this decrease is due to a drop in rumen pH (Stock et 
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al., 1990).  This drop in rumen pH can result in chronic (pH < 5.6) or acute (pH < 5.2) 

acidosis (Cooper and Klopfenstein, 1996).  Therefore, decreasing forage in a feedlot diet 

is not a simple solution to increasing efficiency while diminishing emissions. 

Niche markets, concerns for the environment and limited cattle numbers are 

stimulating interest in Holstein beef among cattle feeders.  Without a doubt, Holstein beef 

has a significant impact on the feedlot industry.  In Arizona alone, Holsteins represent 

approximately 90% of the feedlot capacity.  In addition, many dairies are moving into the 

Texas panhandle and feedlots located there are feeding more Holstein steers.  Cheatham 

(2002) reported an estimated 9,141,000 total diary cows in production in the United states 

with an estimated 90% of dairy cattle being Holstein breeding.  After removing the calves 

lost to retention, the veal market and death loss there are over 3,000,000 Holstein bull 

calves available for feeding.   

 In the Proceedings of the Managing and Marketing Quality Holstein Steers 

Conference, Eng (2007) outlined how Holstein steers are different, why Holstein steers 

are popular and potential advantages of Holstein steers in the future.  Holsteins are 

different from traditional beef breeds in that:  

1) They have a gentle temperament and are playful, but can be dangerous if 

 inadvertently left as intact bulls. 

2) Holsteins are easily bored and therefore may sort feed. 

3) Holsteins have more bloats, and metabolic and buller (steers that will stand to  

     be ridden) problems. 

4) They cause more dust production as a result of playfulness. 
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5) They are hard to move because they have a tendency to follow you. 

6) Holsteins are more heat tolerant, but are cold intolerant. 

7) They have a greater risk for liver abscesses and acidosis, but not for 

 founder. 

8) Holsteins’ pens are wetter as a result of greater water intake and urination. 

9) They have suicidal tendencies. 

Holstein steers are popular because:  

1) They have a predictable gain and efficiency. 

2) They come from a relatively small gene pool. 

3) They produce a high-quality carcass. (The longissimus muscle area may 

 be smaller than beef breeds, but use of trenbolone acetate combination 

 implants and β-agonist may combat this issue.) 

4) As a result of production practices, Holstein calves enter the feedlot 

weighing approximately 136 kg and exit the feedlot weighing approximately 

590 kg and are in the feedlot for approximately 1 year. This 

length of time can be advantageous when replacement numbers are 

short and replacement prices are high. 

5) Holstein steers have fewer respiratory problems, but more metabolic and 

suicidal deaths (Eng, 2007).   

Finally, Eng (2007) suggested that advantages of Holsteins in the future:  

1) They are easily age- and source-verified. 

2) Less movement of calves means less fuel costs for transportation. 
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3) With properly managed purchasing of feed ingredients, selling feed by 

way of Holsteins may prove profitable. 

However, it was also suggested that because Holsteins require approximately 3 tons of 

milled feed to finish, high grain prices makes raising Holstein calves less attractive.   

It is very difficult for natural/Holstein beef to be competitive with conventional 

beef due to feeding and management restrictions.  There must be new research conducted 

to find performance enhancers that are all “natural”.  β-agonists and direct-fed-microbial 

(DFM) products have been researched heavily in the past 10 to 15 years as possibilities of 

increasing performance.  The DFM’s have shown some favorable results, but they have 

been variable and inconsistent (Martin and Nisbet, 1992).  Increased demand for natural 

and organic products, the popularity of Holstein cattle in the southwest and the ability to 

feed cattle naturally with similar results as conventionally-fed cattle becomes more and 

more significant.  With intentions of alleviating the problems of producing “natural beef”, 

a new theory on “naturally” enhancing performance is using humate derived products as 

feed additives.  Before incorporating these supplements one must understand the 

differences of producing Holstein beef and the biology behind the proposed mechanism. 
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CHAPTER 2 

LITERATURE REVIEW 

 Feeding Holstein steers is becoming more and more popular and additives that 

improve efficiency without increasing frame size will become more valuable.  Therefore, 

it is important to understand the processes of feeding Holsteins and the biology of the 

rumen.    

Preweaning management  

 The critical neonatal period impacts overall performance of Holstein heifers (Van 

Amburgh, 2003) and it is assumed that the same holds true for Holstein steers.  An 

unexplored area of research is the time period between weaning and approximately 150 

days of age, when the steers are sold to the feedyard, and its effects on overall 

performance.  

Type of processed corn (whole corn, dry-rolled, roasted-rolled, or steam-flaked) 

used in a calf starter mix influences intake, growth and rumen parameters in neonatal 

calves (Lesmeister and Heinrichs, 2004).  Lesmeister and Heinrichs (2004) report that 

post-weaning, overall starter intake and total DM intake were significantly higher in 

calves fed starter with dry-rolled corn than roasted-rolled corn or steam-flaked corn.  

Likewise, post-weaning, overall starter intake and total DM intake were significantly 

higher in calves fed starter with whole corn than steam-flaked corn.  Post-weaning 

average daily gain was significantly greater in calves fed starter with dry-rolled than 

steam-flaked corn. Papillae length and rumen wall thickness at 4 weeks were 

significantly greater in calves fed starter with steam-flaked than dry rolled or whole corn.  
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In subsequent trial, calves fed starter with whole corn had higher rumen pH and lower 

rumen volatile fatty acid concentrations than calves fed all other starters (Lesmeister and 

Heinrichs, 2004).  Results indicate that the type of processed corn incorporated into calf 

starter can influence intake, growth, and rumen parameters in neonatal calves.  However, 

animals were not followed all the way through finishing. 

It has been long established that fiber source plays a roll in performance of calves.  

Murdock and Wallenius (1980) conducted a study evaluating complete calf starter rations 

containing alfalfa hay, cottonseed hulls, or alfalfa-beet pulp as sources of fiber.  They 

reported that although growth and development were normal on all diets, calves fed the 

cottonseed hull ration consumed more starter and gained more body weight than calves 

fed the other sources of fiber.  The similarity of feed efficiencies, rumen pH, and molar 

ratios of volatile fatty acids between diets indicated no appreciable differences in rumen 

development or function.  In addition, the incidence of scours was less for calves fed 

alfalfa hay starter, however, the incidence and severity of bloat was higher for that diet.  

In finishing beef cattle, roughage source/level alters dry matter intake and performance 

(Guthrie et al., 1996).  Sudangrass hay consistently increased dry matter intake relative to 

alfalfa hay in high concentrate finishing diets.  The long-term impact of starter diet 

roughage source/level for Holstein steers on overall feedlot performance deserves 

attention. 

Feedlot receiving phase 

 Dairy steers, particularly in the southwestern United States, are raised under 

completely different environments than beef cattle.  Day-old calves are received from the 



 
 

 

16

 

dairies (most dairies ensure the calves have 1 or 2 feedings of colostrum before releasing 

the calves).  Calves are raised in hutches for approximately 60 days before weaning.  

Calves are then weaned and raised to approximately 125 kgs before shipping to feedlots.  

These calves enter the feedlot accustomed to milled diets, feed bunks, etc.  In addition, 

dairy calves are perceived to have less respiratory problems than beef breeds (Eng, 2007).  

With the production situations in the desert southwest, many of the calves that succumb 

to respiratory disease do not make it to feedlots.  Respiratory disease is probably the 

largest cause of death in calves after weaning.  Predictor factors significantly associated 

with clinical respiratory tract disease in heifer calves from Swedish dairies included 

previous diarrhea, previous housing and season (Svensson et al., 2006).  In addition, 

commingling calves can increase the spread of viruses and in beef cattle, including 1 

animal persistently infected with bovine viral diarrhea virus 1b (BVDV1b) caused 68.4% 

(13 out of 19) of calves exposed to seroconvert to BVDV1b (Fulton et al., 2005).  

Besides BVDV, other pathogens could be readily transmitted between animals.  

Therefore, these animals should be vaccinated with appropriate products starting in the 

hutches and it is imperative that producers raising calves consult with their veterinarian. 

Feedlot Finishing Phase 

Housing.  Holsteins are different from beef cattle when it comes to housing and 

management.  The most obvious difference is due to an increase in frame size.  Holsteins 

are much larger than beef cattle and are typically on feed longer periods of time. 

Accordingly, more square feet per head are needed to accommodate this increase in size.  

The added frame size leads to an increase in feed intakes which brings forth an increase 
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in water consumption and consequently more pen moisture due to urine.  The increase in 

pen moisture can become a big issue if the cattle are in small pens, creating high 

ammonia concentrations.  Also, with increased feed intakes comes an increase in manure.  

Therefore, it would be beneficial to have facilities that are easily accessible for efficient 

and regular pen scraping.  Holsteins easily become bored and also ride other cattle more 

often than beef breeds (Eng, 2007).  Potentially, more pen space could decrease the 

occurrence of buller deaths and suicides.  Furthermore, Holsteins also perform better in 

warm, dry climates, mainly due to their thin hides and lack of external fat (Rodenburg 

and Godkin, Accessed 2007).  They also have higher energy requirements because they 

are bred for milk production and consequently produce more metabolic heat than most 

beef breeds (Rodenburg and Godkin, Accessed 2007).  It is still necessary to have ample 

shade available if the cattle are being fed in this more desirable climate.  

Feedlot Performance and Carcass Characteristics.  Historical performance 

data of Holstein steers versus beef cattle has been presented recently and has been 

recently summarized (Duff and Anderson, 2007).  Data from the VetLife Benchmark 

Performance Program show that Holstein steers entered the feedyard weighing an 

average of 226 kgs, beef steers entered weighing 335 kg and heifers weighed an average 

of 310 kgs on arrival (Table 2.1).  This may be deceiving in that the largest percentage of 

Holstein steers enter the feedlot weighing less than 136 kgs, whereas the majority of 

traditional beef breeds enter the feedyard weighing between 272 and 363 kgs (Table 2.2).  

Part of this discrepancy is related to region of placement.  Feedyards reporting to the 

program from the southwestern United States report Holstein steers weigh 146 kgs upon 
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arrival compared to 259 kgs for Holstein steers fed in Kansas, Colorado, Oklahoma, and 

Texas (Table 2.3).  This difference is most likely related to availability of wheat pastures 

and/or other growing programs in the latter regions.  Calves in the desert southwest are 

raised at calf ranches to approximately 125 kgs and sold to feedlots.  There are 

advantages in performance of Holstein steers fed exclusively on a feedlot.  Holstien steers 

that previously grazed pastures consumed more feed and had greater average daily gain 

than steers fed 80% corn diets on a feedlot (Comerford et al., 2001).  Quality grade, fat 

thickness, yield grade and final body weight were greater for steers fed entirely on a 

feedlot versus those that had previously grazed on grass/legume pastures (Duff and 

Galyean, 2007). 

Across all years, regions, and weights, Holstein steers weigh slightly more than 

beef breeds at harvest, are in the feedlot for longer periods of time, consume less feed per 

day, have a lower average daily gain, a higher feed:gain ratio, higher vet medicine costs 

and higher cost of gain than traditional beef steers (VetLife Benchmark Performance 

Program;  Table 2.2).  Table 2.2 presents feedlot performance by class of animal 

(Holsteins vs. beef steers).  These data reflect the overall values reported earlier, 

although, Holstein calves weighing less than 136 kgs had superior feed:gain ratio 

compared to other weight and animal classes, whereas beef steers weighing 272 to 363 

kgs had the highest gain.  When comparing within each weight class for Holstein and 

beef breeds, most items are similar in numeric values.  Therefore, the major differences 

in performance are a result of the production systems used (e.g.  a majority of Holstein 
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steers enter the feedlot as calf-feds weighing < 136 kgs whereas the majority of beef 

steers enter the feedlot as yearlings weighing 272 to 363 kgs).   

Averaged across all regions, weights, and years, the only real difference in carcass 

characteristics is the lower dressing percentage with Holsteins versus beef steers or 

heifers (Table 2.1).    

Feedlot Diet 

Energy Requirements.   In finishing diets, the more energy dense the diet the 

more performance we get out of our cattle.  Source and utilization of energy in finishing 

diets has been researched for numerous years with the intent of finishing beef cattle as 

efficiently as possible with minimal negative associative effects.  Recently, energy has 

become an even more examined resource due to the increased costs of corn and the 

abundant numbers of Holstein steers available for feeding.  This is relevant when 

considering dairy breeds require approximately 20% more energy than beef breeds 

(Blaxter and Wainman, 1966).  Garrett (1971) showed a 25% increase in feed intake by 

Holstein steers to maintain body energy when compared to Hereford steers.  A simple yet 

not practical solution is to feed a 100% concentrate diet to provide optimum dietary 

energy.  This would typically consist of corn because it is the primary source of energy in 

the United States, due to its availability and net energy content.  Whole soybeans are the 

only grain source that is higher in net energy than flaked corn (NRC, 1996).  

Unfortunately, the cost and availability of soybeans eliminates them as a viable 

alternative.  Nevertheless, there are other sources of energy available for diets, including 

sorghum and wheat.  The net energy available in these sources is directly affected by 
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processing.  Corn, for example, is at its highest energy level when steam-flaked (2.33 

Mcal/kg NEm), compared to its cracked (2.24 Mcal/kg NEm) or ground state (2.18 

Mcal/kg NEm) and wet distiller’s corn is identical to cracked corn (NRC, 1996).  Even so, 

resource used depends on availability.  If you are in an area where sorghum or wheat is 

abundant, then it is possible to use these grains as energy sources.  Each type of grain is a 

good source of energy and can be nearly identical to corn depending on processing.  

Steam-flaked sorghum and ground wheat have similar net energy values to ground corn 

(NRC, 1996).  Zinn (1994) reported that steam-rolled wheat is slightly higher in NEm 

(2.28 Mcal/Kg) than cracked corn.  In addition, beef steers fed steam-flaked sorghum had 

similar performance and carcass characteristics of those fed steam flaked-corn.  It was 

also concluded that the degree of processing, berry size and bulk density (bushel weight) 

can affect the utilization of energy in sorghum (Brandt et al, 1992).  A source that is 

becoming more abundant due to the production of alternative fuels is distiller’s grains.  

Distiller’s grains are co-products of ethanol production by the dry milling process of corn 

and can be fed to dairy beef steers, wet or dry, without affecting performance or carcass 

value (Trenkle, 2003).  Collectively, processing of grains is an important issue when 

determining energy source.  High moisture and steam-flaked corn can increase the supply 

of absorbable energy by 2 to 4% when compared to other types of corn (Owens and Zinn, 

2005).  Net energy value of corn increases as flake weight decreases (Zinn, 1990).  Net 

energy provided to steers from the utilization of steam-flaked corn was greatest when 

total tract digestion was approximately 99% (Owens and Zinn, 2005).  Therefore flake 



 
 

 

21

 

weight should be lighter than 17 kgs/bushel to achieve total tract starch digestion of 95% 

or greater (Owens and Zinn, 2005).  

One must consider the negative associative effects of feeding high concentrate 

diets to achieve maximum production.  It has been well documented that high concentrate 

diets cause metabolic disorders such as acidosis and liver abscesses in beef cattle (Owens 

et al., 1998).  This could potentially be a concern in Holstein cattle due to an increase in 

number of days on feed and feed intake.  More days fed and more pounds consumed of a 

high concentrate diet leads to an increase in these metabolic disorders.  Therefore, it is in 

a feeder’s best interest to increase the energy intake of a slightly higher roughage diet.  

Alfalfa hay, alfalfa silage and corn silage are common roughage sources that are fed in 

combination with concentrates.  Research has concluded that the inclusion of roughages 

in a high concentrate diet aids in maintenance of ruminal function by enhancing 

salivation, rumination activity and passage rate (Mader et al., 1991).  It has been 

documented that it is beneficial to coordinate roughage source with concentrate type; 

silage compliments high moisture corn and dry roughage compliments dry-rolled corn 

(Mader et al., 1991).  Mader et al. (1991) also found that roughage source made no 

difference when feeding whole corn and that corn silage had higher net energy than 

alfalfa hay or alfalfa silage.  

 The addition of fats and oils to finishing diets is also a great way to add dietary 

energy without the use of carbohydrates.  Sources include, but are not limited to, soybean 

oil, sunflower oil, tallow, yellow grease, griddle grease, corn germ oil, soybean 

soapstock, and calcium soaps (protected fat).  The addition of fat at 3.5% increased daily 
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gain, feed efficiency, diet net energy concentration, carcass wt, and dressing percentage 

(Brandt and Anderson, 1990).  Fats differ in feeding value and tallow has a more 

consistent nutrient profile than yellow grease (Brandt and Anderson, 1990).  However, 

supplemental fat sources did not have a great influence on dry matter intake (Brandt and 

Anderson, 1990).  Collectively, adding fat to the diet has little negative associative affects 

and numerous performance advantages.  

 In conclusion, it is important to understand that Holstein steers require a higher 

net energy and are on feed more days than your typical beef calf, resulting in more 

metabolic disorders.  Therefore, it is recommended to balance a diet that is slightly higher 

in roughage than normal without diminishing energy content.  Zinn and Placencia (1996) 

found that feeding beef steers a 30% roughage diet supplemented with 6% yellow grease 

will permit similar performance to that of steers fed a 90% concentrate diet without 

supplementation.  An increase in forage was also shown to decrease the percentage of 

liver abscesses by 86% (Bartle et al., 1994).  However, feeding roughage at 30% may not 

be economically efficient.  Finally, it is recommended to feed Holstein steers roughage at 

levels between 12–16% of high concentrate diets with up to 6% supplemental dietary fat.    

Protein Requirements.  A considerable amount of work has been completed in 

recent years evaluating effects of protein nutrition for feedlot cattle.  This, in part, has 

been due to increased concern over environmental factors and elution of nitrogen into the 

environment.  A survey of six consulting nutritionists (Galyean, 1996) reported crude 

protein levels in finishing diets ranged from 12.5 to 14.4%.  Added urea level ranged 

from 0.5 to 1.5% of the dietary dry matter.  More recently (Galyean and Gleghorn, 2001), 
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in a survey of 19 consulting nutritionists crude protein levels in finishing diets were 

similar to previously reported values (Galyean, 1996), however, only 36% of the 

respondents formulated for degradable (DIP) and undegradable (UIP) intake protein.  Part 

of the lack of acceptance of the 1996 NRC (NRC, 1996) requirements may be related to 

the software provided with the publication is not Microsoft Windows-based (Lardy et al., 

2004). 

 Most consulting nutritionists do not use the NRC metabolizable protein system 

(Galyean and Gleghorn, 2001).  However, Holstein steers (particularly lightweight steers) 

would benefit from blends of proteins to meet requirements for first-limiting amino acids, 

particularly during the period of time when the calves weigh between 136 and 318 kgs 

(DiCostanzo, 2007).  Most limiting amino acids in diets of young, growing calves fed 

corn-based diets are lysine, methionine and threonine (DiCostanzo, 2007).  In support, 

Zinn et al. (2000) suggested that conventional urea-based diets may not meet the 

metabolizable amino acid requirements of calf-fed Holsteins during the first three 

quarters of the feeding period.  In this experiment, diets (12.5% crude protein) contained 

20 or 40% of the nitrogen as non-protein nitrogen (NPN).  The 20% NPN diet contained 

Menhaden fish meal and 0.44% urea whereas the 40% NPN diet contained 1.35% urea. 

During the initial three 56-day periods, diets containing 20% non-protein nitrogen 

increased average daily gain by 36, 40, and 16%, respectively.  Cattle receiving 40% 

NPN compensated during the fourth 56-day period, however, overall gain was 17% 

greater and gain efficiency was 6% greater for cattle receiving 20% non-protein nitrogen.  

Hussein and Berger (1995) reported Holstein steers responded differently during different 
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periods.  Holstein steers fed diets containing soybean meal gained 7% faster and were 5% 

more efficient during the first 84 days than diets containing soybean meal plus urea.  

During the second 84 days no difference among protein sources were observed.  During 

the last 98 days of the study, steers fed soybean meal, plus urea, gained 10% faster and 

were 8% more efficient than steers receiving soybean meal as the protein source.  

Cumulative 298 day performance showed no difference for dietary crude protein source.  

These authors concluded that 50% of the crude protein in soybean meal can be replaced 

with urea without compromising feedlot performance of Holstein steers fed high-

concentrate diets with 13% crude protein during growing and finishing.  These steers 

started the experiment weighing approximately 181 kgs, which is a little heavier than the 

study reported by Zinn et al. (2000) which started at approximately 122 kgs. 

 Without a doubt, implant programs play a critical role in protein requirements.  

Implanted steers have reduced protein requirements for maintenance and thus, have a 

greater ability to respond to increased dietary protein (DiCostanzo and Zehnder, 1999).  

Although these data (40 experiments with an average initial body weight of 347 kg) 

excluded Holstein steers, implanted Holstein steers should respond as well as beef steers 

to increased dietary protein concentration.  As will be discussed in a subsequent section, 

Holstein steers can be implanted up to three times from entry into the feedlot through 

slaughter.   

 For beef cattle, protein requirements, as a percentage of the diet, decreases as 

cattle mature (NRC, 2000).  Recently, Cole et al. (2006) reported that modest changes in 

dietary crude protein requirements towards the end of the finishing periods had relatively 
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small influence on overall performance; however, decreasing dietary crude protein to 

10% of the dry matter adversely affected performance of beef cattle fed high-concentrate, 

steam-flaked corn based diets.         

 Based on these results, it is recommended that from 136 to 318 kgs, implanted 

Holstein steers receive a 14% crude protein diet with plant protein (e.g. soybean meal) as 

the supplemental protein source.  From 318 to approximately 533 kgs, Holstein steers can 

be fed 13 to 13.5% crude protein diets with a mixture of plant protein sources and non-

protein nitrogen (approximately 1% of the dietary dry matter).  From 1,175 to 1,325 

(market weight), diets can be reduced to 12 to 12.5% and non-protein nitrogen can be 

used as the supplemental nitrogen source.  These types of diets should be able to meet the 

amino acid requirements and should not be limiting in lysine or methionine (Hussein and 

Berger, 1995).  We are also assuming diets are steam-flaked corn-based and contain 

approximately 14 to 16% roughage with alfalfa as the roughage source.   

Feed Additives and Anabolic Agents 

 Ionophores.  The ruminant nutritionist’s goal has been to manipulate and 

improve efficiency of ruminal fermentation by increasing ruminal propionic acid yield, 

depress methanogenesis and depress rapid ruminal proteolysis and deamination of dietary 

proteins (Bergen and Bates, 1984).  This goal can be accomplished with such compounds 

as carboxylic polyether ionophores.  These ionophores are produced by various strains of 

Streptomyces and include monensin, lasalocid, salinomycin and narasin (Bergen and 

Bates, 1984).  Ionophores are antibiotics that were originally developed as coccidiostats 

for poultry.  However, ionophores are widely used in the beef industry due to a decrease 
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in feed intake without a depression on weight gain, which culminates into an improved 

feed to gain ratio.  Ionophores approved for use in confinement cattle in the United States 

include monensin, lasalocid, and laidlomycin, with monensin being the most extensively 

used ionophore in the feedlot industry (Tedeschi et al., 2003).  Monensin decreases 

methane production by approximately 30% as well as ammonia production (Russell and 

Strobel, 1989).  This leads to a decrease in the molar ratio of acetate to propionate.  More 

specifically it can decrease acetate production by 16% while increasing propionate by 

76% (Perry et al., 1976).  Because propionate has a lower heat increment than acetate 

(Bergen and Bates, 1984) this would result in more available energy for production or 

less energy required maintenance.  However, supplemental fat has depressed the response 

to ionophores in finishing diets (Clary et al., 1993).  Monensin is also used to control 

bloat and lactic acidosis through the depression of gram positive bacteria (Bergen and 

Bates, 1984). This effect on the metabolism of ruminants can be possible through three 

major pathways (Bergen and Bates, 1984). 

1) Increased efficiency of energy metabolism in the rumen and (or) animal. 

2) Improved nitrogen metabolism in the rumen and (or) animal. 

3) Retardation of feedlot disorders, especially lactic acidosis (chronic) and bloat. 

Monensin is typically fed at levels at or near 30 g/ton (360 mg/hd/d) and is fed 

along with tylosin (Elanco Animal Health, 2007).  However, Elanco has recently gained 

approval to feed monensin at 40 g/ton which resulted in a 12:1 return on investment when 

compared to cattle fed 30 g/ton (Elanco Animal Health, 2007).  This return is primarily 

due to an increase in efficiency.  Tylosin also decreases liver abscesses in high 
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concentrate diets by 73% and consequently improved efficiency and dressing percentage 

(Vogel and Laudert, 1994).  The fact that there is a decrease in feed intake could be a 

major contributing factor for the positive associative effects of feeding monensin as 

opposed to other ionophores that do not decrease intake as a mode of improving 

efficiency.  This decrease in feed intake (especially for Holsteins) can decrease metabolic 

disorders as well as decreasing manure concentrations and water consumption.  

Accordingly, it is beneficial to include monensin in Holstein finishing diets. 

β-Adrenergic Agonists. Two β-adrenergic agonists are now approved for use in 

feedlot cattle in the United States.  Ractopamine hydrochloride was first approved in 

2003 and approved for use with monensin and tylosin in 2004 (EPA, 2007a).  More 

recently, zilpaterol has been approved for use in feedlot cattle (EPA, 2007b).  

Ractopamine is approved at 9.8 to 24.6 g/ton for the last 28 to 42 days in the feedlot.  

Zilpaterol is approved at 7.56 g/ton and fed for the last 20 to 40 days (with a 3-day 

withdrawal). 

In a compilation of four post-approval studies with calf-fed Holsteins, when 

compared to controls, ractopamine increased average daily gain 17.9% for 200 

mg/head/day and 15.0% for 300 mg/head/day (Vogel et al., 2007).  Feed efficiency 

(feed:gain) was improved 14.4% for 200 and 14.3% for 300 mg/head/day.  Hot carcass 

weight was increased by 10.3% and 11.1% for 200 and 300 mg/head/day, respectively, 

and rib eye area increased from 11.94 sq inch for controls to 12.21 and 12.37 sq inch for 

200 and 300 mg/head/day (Vogel et al., 2007).  No information is available comparing 

the effects of the two β-agonists on performance by calf-fed Holsteins.  In crossbred 
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Charolais and Brangus steers, both zilpaterol and ractopamine improved average daily 

gain by 26 and 24%, respectively (Aveñdano-Reyes et al., 2006).  Both β-agonists 

improved gain:feed versus controls and hot carcass weight and carcass yield were 

enhanced by both compounds.  Rib eye area of Charolais and Brahman cross steers was 

increased by zilpaterol, but for ractopamine fed steers rib eye area was similar to controls.  

Meat from steers fed both zilpaterol and ractopamine had greater shear force values than 

control steers (although meat was classified as intermediate) (Aveñdano-Reyes et al., 

2006).  It is obvious given these results that more data should be generated evaluating 

zilpaterol versus ractopamine for long-fed Holstein steers. 

Protein requirements do not appear to be increased with use of ractopamine.  In 

crossbred beef heifers, metabolizable protein requirement was not increased for finishing 

diets based on steam-flaked corn with urea as primary nitrogen supplement to allow 

maximum response to ractopamine (Walker et al., 2006).   Likewise, behavior of British, 

Continental and Brahman crossbed calf-fed steers was not altered by ractopamine 

supplementation (Baszczak et al., 2006). 

 Anabolic Agents.  Although a majority of feedlot cattle are implanted, niche or 

target markets exist for Holstein beef produced without growth promoting compounds.  

In order for these programs to be cost effective, cattle raised under these production 

practices will need to garner premiums above those associated with improved carcass 

quality (Sawyer et al., 2003).    

 Most of the research evaluating implants has been conducted using beef breeds 

with little research conducted with Holstein steers.  Since Holsteins are in the feedlot for 
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a longer period of time, implant programs are vital to enhance performance without 

sacrificing quality grades. 

 There are some 25 different implants available and to evaluate all the 

combinations would be a formidable task.  Generally, implant programs utilize low-dose 

estrogen at the beginning of the feeding period (e.g. zeranol; 100 mg progesterone/10 mg 

estradiol), followed by a estradiol implant (e.g. 200 mg progesterone/20 mg estradiol) as 

the intermediate, and a terminal implant with either estradiol (200 mg progesterone/20 

mg estradiol) or combination estradiol/trenbolone acetate (24 mg estradiol/120 mg 

trenbolone acetate, 20 mg estradiol/200 mg trenbolone acetate).  A similar program was 

identified as the strategy providing optimal combination of growth performance and 

carcass quality (Zinn et al., 1999).  It was also concluded that marbling scores were 

greater for 98-day than for 70-day implant strategies (Zinn et al., 1999).  Alternative 

strategies with an intermediate implant of 16 mg estradiol/80 mg trenbolone acetate 

should be just as effective.  Individual preference of consulting nutritionists obviously 

dictates use of implant programs and sound scientific data of all the various combinations 

is lacking. 

Metabolic Disorders 

 Death losses are higher for Holsteins than either beef steers or heifers (Table 2.1). 

It is not reported at what time the death losses occur.  Smith (1998) reported higher death 

losses in feedyards for Holstein than for beef breeds.  The major cause of the higher death 

loss was due to digestive deaths, which may partly be caused by the greater number of 

days on feed.  Feeding higher amounts of dietary roughage, processing grains less 
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thoroughly, and limiting the quantity of feed should reduce the incidence of acidosis, but 

these practices often depress performance and economic efficiency (Owens et al., 1998).  

The depressed economic efficiency is a direct result of a decrease in performance and in 

Holstein steers requiring more dietary energy, more days on feed and have increased feed 

intakes, this is a more notable problem. Therefore, it is important to understand that 

utilizing feed additives (particularly monensin) helps to maintain adequate performance 

while minimizing metabolic disorders.   Feeding cattle in the desert Southwest has 

become popular and more research needs to be completed on performance and on the 

rumen environment of Holsteins.  Most fermentation studies have dealt with beef cattle 

and up-to-date we use this information as a guideline for Holstein steers.  

Rumen Environment and Fermentation 

 D. C. Church’s 1988 book “The Ruminant Animal: Digestive Physiology and 

Nutrition” serves as a primary resource for this section and should be utilized for a more 

in-depth understanding of the ruminant animal.  Uniquely, ruminants have a four-

chambered stomach; reticulum, rumen, omasum and abomasum.  The rumen is the most 

capacious and the location of microbial fermentation.  The rumen is an open, self-

contained ecosystem where feed consumed by the ruminant is fermented and converted to 

products that are useful (VFA, microbial protein, B-vitamins), useless (CH4, CO2) or 

even harmful (ammonia, nitrate) to the host animal (Owens and Goetsch, 1988).  The 

rumen provides a suitable environment for the existence of microorganisms, 

predominantly bacteria, protozoa, and anaerobic fungi.  These microorganisms are 

essential for digestion and fermentation of the large amounts of fibrous feeds ruminants 
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consume, but otherwise would not be able to utilize (Yokoyama and Johnson, 1988).  The 

rumen provides the correct moisture, temperature and pH to maintain stable production of 

microorganisms.  In the dorsal region of the rumen there is a dry matter content of only 

14 to 18%, whereas ventral areas are even more aqueous with a dry matter content of 6 to 

9% (Yokoyama and Johnson, 1988).  The temperature is also relatively constant at a 

centigrade temperature of 38 to 40. In addition the pH is controlled by copious salivary 

secretions of bicarbonate and phosphate buffer to maintain a pH between 6 and 7 

(Yokoyama and Johnson, 1988).  Microbes exist in three distinct locations in the rumen; 

on the rumen wall, within the rumen, or free floating in ruminal liquid.  Most microbes 

are anaerobic and use NADH to reduce all available compounds.  However, microbes 

that adhere to the rumen wall make up a small part of the microbial population that can 

utilize oxygen (Yokoyama and Johnson, 1988).  In summary, microbes are essential to 

fermentation, which provides 66 to 80% of the total energy needed.  

 Most feedlot diets are high starch (concentrate) diets at or near 90% DM of the 

diet.  When feeding high concentrate diets the pH is more variable and typically falls to a 

lower pH than with high cellulose (forage) diets.  With high concentrate diets the pH 

typically ranges from 5.5 to 6.3, whereas a high forage diet moderates the pH between 

6.2 and 7 (Owens and Goetsch, 1988). The lowest pH level typically occurs at ½ to 4 

hours after feed consumption.  Different pH levels regulate the fermentation process.  At 

lower pH levels more amylolytic bacteria are available.  These bacteria compete for 

soluble carbohydrates and products of starch and hemicellulose hydrolysis.  This results 

in a lower molar ratio of acetic acid to propionic acid, which is substantially greater when 
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the pH is higher and more cellulolytic bacteria are available (Owens and Goetsch, 1988).  

Also, at lower pH levels, volatile fatty acid (VFA) absorption is increased due to a 

substantial increase in the non-dissociated form of the VFA and the ruminal papillae 

enlarge, which increases the surface area in which to absorb more VFA.  However, when 

the rumen pH drops below 5.5 this process is inhibited due to a severely acidic 

environment (Owens and Goetsch, 1988). 

The production of volatile fatty acids is essential to ruminants as a source of 

metabolizable energy.  Nearly all VFA produced are absorbed in the rumen, reticulum 

and omasum, with very little reaching the abomasum (Fahey and Berger, 1988).  The 

three most important VFA are acetate, propionate and butyrate, respectively by 

population.  The use of the ratio of acetate:propionate has been used as a tool to evaluate 

feed efficiency.  This is because when increasing forage in the diet the molar ratio of 

acetate to propionate increases and when forage decreases so does the molar ratio (Stock 

et al., 1990).  This is interesting because as forage is decreased, efficiency is increased.  

This can be explained by the production pathways of these VFA.  Propionate is the only 

VFA that makes a net contribution to glucose synthesis (Fahey and Berger, 1988).  In a 

high concentrate diet the following fermentation equation might exist: 3 glucose = 2 

acetate + 2 propionate + butyrate + 3CO2 + CH4 + 2H2O.  In contrast, a high forage diet 

would result in a fermentation equation of: 5 glucose = 6 acetate + 2 propionate + 

butyrate + 5CO2 + 3CH4 + 6H2O (Fahey, Jr. and Berger, 1988).  One can see that in a 

high forage diet there is a dramatic increase in methane (CH4) production.  The decrease 

in methane production from the high concentrate diet is due to the use of both carbon and 
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hydrogen molecules from glucose to produce two molecules of propionate (Fahey and 

Berger, 1988). Also, methanogenic bacteria are highly sensitive to dietary changes.  With 

a high concentrate diet there is typically an increase in pH which reduces the amount of 

hydrogen available to these bacteria. All of this is important because methane is an 

energy sink.  The carbon and hydrogen lost as methane can be utilized by propionic acid, 

which can ultimately be retained in the rumen (Fahey. and Berger, 1988).  This prevents 

methane release and subsequent damage to the atmosphere. Collectively, high 

concentrate diets and amylolytic bacteria are important to the production of propionic 

acid, which is essential to the efficiency of feeding cattle. 

Ammonia and the Urea Cycle 

Ammonia is derived from the degradation of dietary intake protein (DIP) and 

dietary non protein nitrogen (NPN), hydrolysis of urea recycled to the rumen and from 

degradation of microbial crude protein (Owens and Zinn, 1988).  In most high 

concentrate feedlot diets urea is used as a source of NPN due to costs of plant proteins 

such as soybean meal.  Ammonia-N concentrations in a diet containing NPN normally 

peak 2 hours post feeding while pH levels reach their lowest state at approximately 4 

hours post feeding (Owens and Zinn, 1988).  Ammonia-N can be used for proliferation 

by most bacteria as a sole source of nitrogen and if not utilized by microbes, ammonia is 

absorbed through the rumen wall via attenuated diffusion into the bloodstream (Owens 

and Zinn, 1988).  This absorption takes place at a rapid pace if the rumen pH is high, and 

the ammonia (NH3) is in an un-ionized state. After absorption ammonia may be excreted 

in the urine as ammonium salts, used in transamination to form glutamine or converted to 
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urea in the liver (Emerick, 1988).  Rapid absorption can be a concern with the use of urea 

as a NPN.  Urea tends to increase the pH in the rumen, and this causes an excess amount 

of ammonia in the un-ionized state and therefore an excess of ammonia in the blood.  If 

there is an excess of ammonia absorbed and it is not secreted, it is converted to urea in 

the liver and too much can create urea toxicity in the blood (Emerick, 1988).  However, if 

N is needed in the rumen for proliferation of N utilizing bacteria, then the urea in the 

blood is diffused across the rumen wall and converted back into ammonia in the rumen.  

This process is possible due to the presence of urease in the microbes attached to the 

rumen wall (Emerick, 1988).  This N is then utilized by bacteria to proliferate and 

degrade protein, providing the volatile fatty acids needed for maintenance.  Alternatively, 

if pH in the rumen is low, ammonia is captured as the ammonium ion (NH4
+).  This ion is 

less readily absorbed and accordingly remains available for microbial utilization and 

protects against ammonia toxicity (Emerick, 1988).  Therefore, if this nitrogen could be 

maintained in the rumen for bacterial use it might cause an increase in efficiency due to a 

decrease in energy loss from ammonia excretion.  Also, these nitrogen utilizing bacteria 

tend to produce more propionic acid opposed to acetic acid.  

Humates 

Humate substances are naturally occurring, geological deposits, in the earth’s 

surface composed mainly of decaying plant and animal matter, through the biological 

activities of microorganisms.  There are several pathways that exist for the formation of 

humates, during the decomposing process.  Present-day investigators favor a mechanism 

that involves quinones (Stevenson, 1994).  This mechanism must be preceded by 



 
 

 

35

 

demethylation, to account for the low OCH3, but high phenolic OH contents of humic and 

fulvic acid.  Following demethylation, the initiating step, in the quinine pathway, oxidizes 

lignin to quinones and a consequent polymerization to humate (Stevenson, 1994).  Other 

changes include oxidation of aldehyde components (R-CHO -> R-COOH), 

decarboxylation and hydroxylation, and coupling of intermediates (Stevenson, 1994).  

Humates, based on solubility in acids and bases and by molecular weight, can be 

fractionated into three categories: fulvic acid, humic acid and humin (Stevenson, 1982).   

Fulvic acids are the fraction of humates that are soluble in water under all pH conditions 

and they remain in solution after removal of humic acid by acidification. They are light 

yellow to yellow-brown and the smallest in molecular weight (Weber, 2004).  Humic 

acids are the fraction of humic substances that are not soluble in water under more acidic 

conditions (pH < 2), but are soluble at higher pH values (Weber, 2004).  They are the 

major extractable component of soil humates and are dark brown to black in color 

(Weber, 2004).  The fraction of humates that is the largest in molecular weight is humin. 

It is not soluble in water at any pH value and is black in color (Weber, 2004).  Figure 1 

(Stevenson, 1982) illustrates the difference in molecular sizes, solubility and color of 

humate substances. Humates are composed of many functional groups (COOH, OH, 

C=O) and become more oxidized over periods of time, which decreases solubility due to 

the decrease in bound oxygen (Figure 1; Stevenson 1982). 
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Figure 2.1 

 

 

Humates Effect on Plant and Animal Performance 

Humates are highly utilized in plant production.  Whenever minerals come into 

contact with fulvic acid, in a water medium, they are naturally dissolved into an ionic 

form and these minerals literally become part of the fulvic acid itself (Silver Stream 

Research, 1997).  Once the minerals meld into the fulvic acid complex, they become 

bioactive, bioavailable and organic (Silver Stream Research, 1997). Thus, when 

elemental minerals are transformed into an organic state, through a natural chemical 

process, involving fulvic acid and photosynthesis, they are safe to be used by both 

humans and animals (Silver Stream Research, 1997).  In previous research conducted by 

Mr. Bruce Reid, of Mesa Verde Resources in Placitas, NM, (unpublished data) analysis 

suggested that Micromate increased N and total nutrient uptake by corn, snap beans, 

sunflowers and fescue, when applied to the soil.  The findings also indicated an increase 
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in root weight and top weight.  These nitrogen-binding qualities could prove to be very 

beneficial in the reduction of NH3-N in the rumen.  Shi et al. (2001) evaluated the use of 

humic acid to minimize ammonia emissions from beef cattle feedlots and concluded that 

brown humate was more effective than black humate, in vitro, reducing cumulative 

ammonia emissions by 67.6% as compared to 60.2%, respectively.  There were other 

amendments that more effectively reduced ammonia emissions (Shi et al., 2001), but 

these products are not proven safe for animals and there is a concern about 100% 

retention of NH3-N in the rumen because acidosis problems could exist.  In vivo research 

has primarily been conducted in monogastrics, specifically poultry.  Kocabagli et al. 

(2002) found in a 42 day study that broilers fed humate from day 22 to 42 and day 0 to 42 

had lower feed:gain ratios than control and broilers fed humate from day 0 to 21. Yoruk 

et al. (2004) found that egg production increased and mortality and feed conversion 

efficiency (weight of feed/weight of eggs) decreased linearly with increasing levels of 

supplemental humate.  This research examined late laying hens, rather than hens in a 

growing phase; therefore it was speculated this increase in efficiency could be due to an 

effect on bacterial populations in the cecum.  However, Shermer et al. (1998) found no 

changes in short chain fatty acids, amino acids or microbial populations in chickens fed a 

diet supplemented with Menefee Humate.  Nonetheless, they did conclude that there 

could be some influence on levels of individual microbial populations, due to an increase 

in E. coli production in the cecum.  There has been minimal research on the utilization of 

humates in beef cattle diets.  Still, Chirase et al. (2000) showed an increase in serum 

hemoglobin and bilirubin in a 3.12% humate diet when compared to a control, but there 
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was no difference in DMI, ADG or F:G.  These results were determined during a short 56 

d period with only one sample taken on d 28.  Therefore more research is needed to 

determine efficacy. 

In a recent experiment completed at the University of Arizona (unpublished data),  

a completely randomized design was used to investigate the effects of a humate 

supplement on rumen ammonia-N (RAN), serum urea-N (SUN) and live performance in 

beef cattle finishing diets.  Twenty-four steers (average BW 432 kg ± 5) were stratified 

by weight and randomly assigned to an individual pen and one of four diets, containing 0 

(control), 0.5, 1.0 or 1.5% humic/fulvic acid for 56 days (Table 2.4).  Control diets 

contained 33.3 mg/kg Rumensin.  Steers were weighed on d 0, 28 and 56.  Blood (jugular 

venipuncture) samples and rumen (esophageal tube) samples were taken prior to feeding 

on d 0, and samples were taken prior to and four hours post feeding on d 28 and 56.  

Rumen fluid pH was determined immediately, then acidified and stored (-20° C) for 

subsequent NH3N analysis.  Venous blood was allowed to clot at room temperature and 

then serum was harvested and stored (-20° C) for later analysis of SUN.  In agreement 

with the findings of Chirase et al. (2000), the results indicate that during the 56 d period 

there was no difference in DMI (P > 0.58), ADG (P > 0.24) or G:F (P > 0.28) between 

treatments (Table 2.5).  In addition, no treatment x time or treatment x time x day 

interactions were observed for SUN (P > 0.95), RAN (P > 0.87) or rumen pH (P > 0.15).  

Because there were no interactions, the values reported in Table 2.5 for SUN, RAN and 

pH are main effect means for treatment.  However, there was a treatment by day response 

(P< 0.10) for rumen ammonia N and this was demonstrated by a drop in concentration on 
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day 28 and a recovery at day 56. This is in accord with findings from Guan et al. (2006) 

concluding that monensin does initially decrease methane production, but the rumen 

ciliate protozoa restore population by the fourth and sixth week and accordingly resume 

production at a level similar to that before supplementation. Accordingly, SUN and RAN 

did respond cubically, with respect to treatment, when comparing the 1% humic acid diet 

to the other diets.  However, there is no mechanistic reasoning for this finding and 

therefore the biological significance is questionable.  Data suggests that humate 

substances have similar efficacy to that of monensin when fed to beef cattle.  However, 

further research is warranted, utilizing a negative control with more experimental units.   

Conclusion 

In conclusion perusal of literature supports that humate substances may have the 

potential to alter rumen fermentation.  This alteration might possibly slow NH3-N release, 

in the rumen, due to humic acid binding capabilities.  Normal peak time for rumen NH3-

N is 0.5 to 4 hours post feeding in cattle on high concentrate diets.  With the use of 

humates there could be a more gradual drop and recovery of pH over a longer period of 

time.  By slowly releasing NH3, rumen microbes may be able to better utilize DIP for 

proliferation, before it diffuses into the bloodstream.  Feeding a high concentrate diet 

lowers pH and increases amylolytic bacteria populations, which leads to an increase in 

volatile fatty acid production.  This increase typically favors propionate, rather than 

acetate, leading to an increase in efficiency and a decrease in methane production.  

Ionophores, when fed in a high concentrate diet, buffer pH while increasing VFA 

production and decreasing acetate to propionate ratio.   Therefore, if humic acids alter 



 
 

 

40

 

fermentation, as theorized, then supplementation of these natural humates may mirror 

ionophores and could make an economical impact on the beef industry.  This possibility 

would aid in the production of natural or organic Holstein beef by reducing the days on 

feed for natural Holstein beef, and controlling metabolic disorders without antibiotics.  

This would give Holstein beef feeder’s opportunity to capitalize on more niche markets 

while still producing efficient cattle.  There would be more flexibility to comply with 

government regulations on emissions, more marketing versatility and a decrease in 

production costs, and ultimately could be a giant step toward balancing production with 

environmental awareness.  
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Table 2.1.  Comparison of class of animal (heifers, steers, or Holsteins) for all regions, 
weights and years on performance and carcass characteristics using recent data from the 
VetLife Benchark Performance Program  
                                                                                       Animal Class                             
Item  Heifers Steers Holsteins 
Lots 175,256 212,011 11,588 

Head 26,133,403 33,306,335 2,313,794 

In wt, kg 309.8 335.2 226.3 

Out wt, kg 520.7 572.4 587.8 

Days on feed 163 164 289 

Average daily feed intake, kg 8.6 9.2 8.3 

Average daily gain, kg 1.29 1.44 1.25 

Feed:gain ratio 6.68 6.42 6.65 

Cost of gain 0.56 0.53 0.58 

Veterinary Medicine, $/hd 13.92 12.84 14.82 

Death loss, %  1.45 1.33 2.75 

HCW, kg 332.9 364.2 364.2 

Dressing, % 64.0 64.0 61.2 

Prime 1.7 0.8 3.2 

Certified Angus beef 6.5 4.4 0.2 

Choice 53.4 43.9 54.1 

Penalty quality grade 4.9 6.3 5.2 

Yield grade 1 14.6 17.7 10.2 

Yield grade 2 40.4 45.1 59.4 

Yield grade 3 37.7 33.4 29.0 

Yield grade 4 6.6 4.1 1.3 

Yield grade 5 0.8 0.4 0.0 

Heavy carcass 0.8 4.7 3.9 

Light carcass 1.6 0.6 1.1 

Dark cutters, % 0.7 0.6 0.9 

Reproduced from Duff G.C., Anderson P. T. Comparative performance of Holstein vs. beef breeds 

in the feedlot. In: Proceedings of the Southwest Nutrition and Management Conference. Tucson (AZ): 

University of Arizona; 2007. p.27-36.
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Table 2.2.  Comparison of class of animal (steers vs. Holsteins) and weight class for all regions and years on performance 
using data from the VetLife Benchmark Performance Program  
 
 Animal class/weight, lbs 
                                                                  Steers                                                                                   Holsteins                                   
Item  < 300 400-500 600-800  >900 < 300 400-500 600-800 >900 
% of total head  1.0 12.7 77.0 9.3 63.6 13.2 16.3 6.8 

In wt, kg 145 231 340 470 122 226 341 494 

Out wt, kg  503 527 574 627 564 588 598 646 

Days on feed 316 234 159 104 370 284 192 125 

ADFIa, kg 6.6 7.5 9.3 10.7 6.8 8.3 9.7 10.7 

ADGb, kg 1.12 1.25 1.46 1.46 1.19 1.26 1.33 1.20 

Feed:gain ratio 5.92 6.10 6.39 7.67 5.75 6.66 7.42 9.43 

Cost of gain 0.53 0.53 0.53 0.59 0.54 0.57 0.61 0.75 

Medicine, $/hd 21.29 20.40 12.20 8.69 18.90 15.10 11.40 6.34 

Death loss, %  4.81 2.82 1.17 0.75 4.08 2.98 1.65 0.92 

Abbreviations: 
aADFI= Average daily feed intake  
bADG = Average daily gain 
Reproduced from Duff G.C., Anderson P. T. Comparative performance of Holstein vs beef breeds in the feedlot. In: Proceedings of the Southwest 
Nutrition and Management Conference. Tucson (AZ): University of Arizona; 2007. p.27-36.
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Table 2.3.  Comparison of performance of Holstein steers by region using data from the 
VetLife Benchmark Performance Program  
 Region 
   
Item  Desert Southwest CO, KS, OK NE, TX 
In wt, kg 146.1 258.5 

Out wt, kg 563.4 597.8 

Days on feed 342 262 

ADFIa, kg 6.9 8.8 

ADGb, kg 1.21 1.30 

Feed:gain ratio 5.73 6.86 

Cost of gain 0.55 0.58 

Veterinary Medicine 15.99 15.09 

Death loss, %  2.74 2.94 

Abbreviations: 
aADFI = Average daily feed intake  
bADG = Average daily gain 
Reproduced from Duff G.C., Anderson P. T. Comparative performance of Holstein vs. beef breeds in the 
feedlot. In: Proceedings of the Southwest Nutrition and Management Conference. Tucson (AZ): University 
of Arizona; 2007. p.27-36. 
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Table 2.4.  Ingredient (DM basis) and nutrient composition of diets 
                                                          HFA %DM                
Item 0 0.5 1.0 1.5  
Ingredients 

  Alfalfa Hay Mid Bloom 10.00 10.00 10.00 10.00  

 Steam-flaked corn 74.75 74.25 73.75 73.25  

 Soybean meal 3.25 3.25 3.25 3.25   

 Urea 1.00 1.00 1.00 1.00  

 Tallow 3.50 3.50 3.50 3.50  

 Cane molasses 5.00 5.00 5.00 5.00  

 Mineral supplementa 2.50 2.50 2.50 2.50  

 NEm, Mcal/kg 1.00 0.99 0.99 0.98   

 NEg, Mcal/kg 0.69 0.68 0.68 0.68 

Diet Composition 

 Dry matter 84.89 83.61 84.80 84.12  

 Ash 5.39 5.67 4.81 5.68  

 CP 13.74 14.28 13.71 13.75  

 DIP, % of CPb  52.35 52.13 51.92 51.70 

 ADF 6.08 6.82 6.63 6.58  
aMineral supplement composition (DM basis): limestone, 47.059%; dicalcium phosphate, 

1.036%; potassium chloride, 8.000%; magnesium oxide, 3.448%; ammonium sulfate, 

6.667%; salt, 12.000%; cobalt carbonate, 0.002%; copper sulfate, 0.157%; iron sulfate, 

0.133%; calcium iodate, 0.003%; manganese sulfate, 0.500%; selenium premix (0.16%), 

0.125%; zinc sulfate, 0.845%; vitamin A (30,000 IU/g), 0.264%; vitamin E (500 IU/g) 

0.540%; Rumensin-80, 0.675%; Tylan 40, 0.450%.; ground corn, 18.096%. Humic Acid 

treatments substituted Rumensin-80 with ground corn.  

 bCalculated using tabular values (NRC, 1996) 
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Table 2.5. Serum urea-N concentration (SUN), rumen ammonia-N concentration, rumen 
pH, and performance 

                                                   HFA %DM                                                 Contrasts            
Item 0 0.5 1.0 1.5 SEM L Q 
 
aBW,kg  

 d 0 429 434 433 430 10.78 0.96 0.68 

 d 56 553 547 559 542 11.97 0.72 0.64 

d 0 – 56 

 bADG, kg/d 2.21 2.01 2.24 2.00 0.10 0.41 0.83 

 cDMI, kg/d 25.48 24.74 26.38 26.93 1.19 0.27 0.60 

 dG:F 0.229 0.217 0.226 0.195 0.01 0.13 0.49 

LSM 

 SUN, mg/dL 14.18 15.36 13.20 14.86 0.83 0.97 0.77 

Rumen  

 pH 6.55 6.60 6.58 6.77 0.09 0.14 0.41 

  NH3-N, mg/dL 10.47 10.12 7.85 9.83 0.82 0.20 0.13 

Abbreviations: 
aBW = Body weight  
bADG = Average daily gain 
cDMI = Dry matter intake  
dG:F = Gain to feed  
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CHAPTER 3 
 

MATERIALS AND METHODS 
 

 All procedures were approved by The University of Arizona Institutional Animal 

Care and Use Committee #05-105. 

 

Cattle Management and Treatments:  Six Holstein steers (average BW 317 kg) were 

brought to the feedlot at the University of Arizona, housed in individual pens, halter 

broke and fed a common diet until date of surgery.  Steers were fistulated and monitored 

for 5 weeks to insure no post operative side effects and to make sure they regained their 

appetite.  A 5 X 5 + 1 Latin Square design was used to determine the effects of 

humic/fulvic acid (HFA) on serum urea nitrogen, rumen pH, rumen ammonia nitrogen, 

and rumen volatile fatty acid production in Holstein steers.  Treatments included a control 

(0%), 0.5, 1.0 or 1.5% HFA, and a positive control diet containing monensin (33 mg/kg; 

Rumensin). Control and HFA diets contained no other additives.  Dosages of HFA were 

chosen based on previous research and by scientists at Mesa Verde Resources in 

consultation with Dr. Norbert Chirase (CAPS Inc., Amarillo, TX).  Steers were then 

assigned to 1 of the 5 treatments, fed for 21 days, and sampled on d 21 (rumen and 

blood).  This process was repeated five times to ensure that each calf received each diet.  

 

Surgical Procedures:  Surgical placement of a permanent indwelling rumen cannula was 

conducted in a single procedure.  Prior to surgery, cattle were allowed water, but held off 

feed for 12 hours.  The steers were under light sedation with the combined use of 25 mg 
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xylazine and 5 mg acepromazine intravenously, while remaining upright in a hydraulic 

chute.  After sedation the left para lumbar fossa was shaved and surgically prepared.  An 

inverted L-block of 2% Lidocaine was used to provide local anesthesia.  A steel marking 

device (cold sterilized), developed by Dr. Peder Cuneo, was used to define the size of the 

skin incision and a circular patch of skin was removed.  The underlying muscle layers 

(three) were separated by blunt dissection, ensuring that very little of the muscle layers 

are removed to insure a tight fit. 

 The peritoneum was incised and the underlying rumen was exposed.  A small 

incision was made into the rumen and exteriorized.  The sides of the rumen were then 

sutured to the skin.  A simple continuous suture line was advanced along both sides of the 

rumen, insuring no possible leakage along the ventral border.  PDS II suture with a size 

two cutting needle (Ethicon Inc., Somerville, NJ) was used.  The suture line was 

advanced dorsally; further incision into the rumen was made to allow free exposure and 

suturing to the skin.  The process of rumen incision and skin suturing was continued until 

the rumen tissue was completely attached to the original circular skin incision. 

 The retention ring of a 3C-rumen cannula (Bar Diamond, Inc., Parma, ID) was 

placed through the rumen incision and inverted to allow for retention against the inner 

wall of the rumen.  The plug was then inserted into the cannula and the rumen was 

sealed. 

After surgery, there were no antibiotics administered. The cattle were allowed 

back on feed 4 hours after surgery.  The skin underlying the outer flange of the retention 
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ring was cleaned daily. Fourteen days after surgery a ring of necrotic tissue with sutures 

was removed, and calves were fitted with a permanent fistula. 

 

Sample Collection:  On day 20 at approximately 1700, steers were moved through a 

Silencer squeeze chute (Moly Mfg. Inc., Lorraine, KS), haltered and fitted with jugular 

catheters.  Indwelling polyurethane catheters were inserted via a 14-gauge needle until 

13.34 cm of tubing was inside the jugular.  Stopcocks were connected to the catheter and 

secured to the calf with super glue.  Catheters were flushed with 1 mL of heparin saline 

before calves were returned to their pens. At 0600 on d 21, 0-hour samples were 

collected.  Blood-samples were collected with a disposable syringe and stored in a BD 

vacutainer (BD, Franklin Lakes, NJ) where it was allowed to clot at room temperature; 

serum was harvested via centrifugation at 1,000 x g for 20 min and stored (-20°C) for 

later evaluation of SUN concentration (mg/dL).  Next, 1 mL of heparin saline was 

flushed through the catheter to prevent coagulation.  After blood was collected, 0-hour 

rumen fluid was collected.  The cannula plug was removed by pushing it into the rumen 

and then pulling it back through the opening, providing access to the rumen fluid.  A 

plastic ladle was used to collect the rumen contents.  The contents were strained through 

four layers of cheesecloth (BBA Nonwovens, Simpsonville, SC) until 100 mL of rumen 

fluid was obtained in a 150 mL beaker.  The pH was immediately determined using a 

miniLab professional pH meter (IQ Scientific Instruments, Inc., Carlsbad, CA) and 

rumen fluid was acidified (1mL 20%HCL; vol:vol) and stored in whirl packs (-20°C) for 

subsequent volatile fatty acid (mM) analysis.  A small sample was stored in a 1.5 mL 
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microcentrifuge tube for subsequent ammonia N (mg/dL) analysis.  Following 0-hour 

collection, steers were haltered, returned to their individual pens, and fed at 10-minute 

intervals.  The 10-minute feeding intervals allowed ample time to harvest and process 

samples so that every calf was sampled equally relative to feeding.  The collection 

process was repeated in individual pens at 1, 2, 4, 8, 12, 16, 20 and 24 hours after 

feeding.  At the end of the 24 hour period, feed bunks were swept clean and unconsumed 

feed was weighed and removed and its dry matter was calculated.  Steers were fed an 

85% concentrate, steam-flaked corn based, isonitrogenous diet (Table 4.1), mixed every 3 

days and stored in Rubbermaid barrels.  Intakes were documented, and at the end of the 

trial, weekly composite feed samples were analyzed for ash, DM, CP, and ADF. Ort 

samples were taken every 22 days.  

 

Laboratory Annalysis:  Serum was thawed at room temperature prior to analysis.  Serum 

urea N was determined using a direct colorimetric determination method according to 

manufacturer recommendations (TECO Diagnostics, Anaheim, CA).  Six prepared 

standards, two internal controls and 43 samples were tested on a 96 well plate. Samples at 

10 µl were added to 1.5 mL BUN Enzyme Reagent, incubated 5-minutes at 37º C, added 

1.5 mL Color Developer and incubated again.  Each sample was pipetted at 300 µl across 

2 wells and analyzed using a spectrophotometer (Multiskan Ascent, MTX Labsystems 

Inc., Vienna, VA; filter 595).  

Feed samples were subjected to the following analysis: DM (oven drying at 55°C 

until no further weight loss), CP (% N x 6.25; LECO Corporation, St. Joseph, MI), ash 
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(combusted 6-h in a muffle furnace at 500°C) and ADF (Ankom Tech Corp, Fairport, 

NY).  

Rumen samples stored in 1 mL microcentrifuge tubes were thawed at room 

temperature and then analyzed for rumen ammonia N using a phenol-hypochlorite assay 

adapted from Broderick and Kang (1980) and modified by Galyean (1997) and analyzed 

using a spectrophotometer (Multiskan Ascent, MTX Labsystems Inc., Vienna, VA; filter 

595).  Rumen fluid stored in whirl-paks were thawed overnight in a refrigerator.  Rumen 

fluid was mixed well in the whirl-pak and poured into 25 mL centrifuge tubes, balanced 

by weight and centrifuged at 20,000 x g for 10-minutes.  Rumen fluid was then removed 

from the centrifuge and 5 mL of supernatant was pipetted into 13 x 100 mL centrifuge 

tubes.  At this time 1 mL of 2-ethyl butyric acid was added as the internal standard.  

Tubes were vortexed, allowed to stand in ice water for 30 minutes, and then centrifuged 

at 10,000 x g for ten minutes.  Following centrifugation the liquid was filtered through a 

0.45 µm filter into 12 x 75 mm storage tubes and placed in the freezer.  Rumen fluid was 

thawed and loaded into gas chromatography (GC) vials at 1.0 mL.  Samples were then 

shipped to North Dakota State University where subsequent rumen VFA concentrations 

were determined by gas chromatography (model GC 9A, Shimadzu, Kyoto, Japan) and 

separated on a packed column (model SP-1200; Supelco, Bellefonte, PA) (Goetsch and 

Galyean, 1983).  

 

Statistical Annalysis: Data was analyzed using the PROC MIXED procedures of SAS 

(SAS Inst. Inc., Cary, NC, USA).  The class statement for intakes included id (steer; 
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experimental unit), treatment and period with id as the random effect.  Treatment x period 

interaction was tested as well as linear and quadratic contrasts for the humic/fulvic acid 

treatments vs. the control.  The model for intakes included treatment and period with id 

as the random effect. The model for all other data included treatment, time, period and 

treatment x time with time/subject = id(period) as repeated measure.  Significance was 

considered at P < 0.05, and LS means along with most conservative SEM were reported 

for each variable. 
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CHAPTER 4 

 
RESULTS 

 

Effects of supplementing Holstein steers with humic/fulvic acid are presented in 

Tables 4.2 and 4.3.  No treatment x period interaction (P = 0.12) was observed for feed 

intake.  For diets containing HFA, a quadratic (P = 0.01) response was observed with 

intake lowest for 0.5 and 1.0 and highest for 1.5 relative to negative control steers (0% 

HFA).  In addition, intake was decreased (P = 0.01) for diets containing 33 mg/kg 

monensin vs. the negative control (0% HFA) and HFA containing diets (Table 4.2). 

No treatment x time interactions (P > 0.61) were observed for ruminal ammonia 

concentrations, ruminal pH and serum urea nitrogen (Table 4.2).  No differences were 

observed in these parameters between HFA treatments, nor HFA treatments vs. 

monensin. 

Ruminal VFA concentrations are presented in Table 4.3.  No treatment x time 

interaction (P > 0.99) was observed for total VFA concentration or for individual molar 

proportions (P > 0.87).  No differences (P = 0.20) between HFA treatments or HFA 

treatments vs. monensin were observed for total VFA concentrations (mM), or for molar 

proportion of acetate, propionate, butyrate or valerate (P > 0.27).  A quadratic (P = 0.04) 

response was observed for butyrate with concentrations highest for 0.5 and 1.0% HFA.  

A quadratic response for isovalerate was observed for HFA treatments with 0.5 and 1.0% 

HFA molar proportions lowest relative to, 0 and 1.5% HFA.   A treatment response (P = 

0.01) was observed for isobutyrate, molar proportions for monensin being lowest and 



 
 

 

53

 

control being highest.  Isovalerate also showed a treatment response (P < 0.04) with 

monensin having lowest molar proportion relative to control and 1.0% HFA.  A treatment 

response for acetate to propionate was observed with monensin being lower (P = 0.01) 

than control and diets containing HFA.    
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CHAPTER 5 

DISCUSSION 

Humates have been shown to reduce ammonia emissions when utilized as an 

amendment to soil, feces and urine (Shi et al., 2001) or when used as a feed supplement 

in swine (Ji et al., 2006).  Fermentation in the rumen produces ammonia nitrogen, and in 

the unionized state (NH3) is readily transferred across the rumen wall and may be 

excreted in the urine as ammonium salts, used in transamination to form glutamine or 

converted to urea in the liver (Emerick, 1988).  However, in the ionized state (NH4
+), the 

nitrogen can be utilized by bacteria that tend to produce more propionic acid as apposed 

to acetic acid (Emerick, 1988).  This shift in volatile fatty acid profile has attributed to 

increased feed efficiency with use of monensin (Bergen and Bates, 1984).  Richardson et 

al. (1976) showed this decrease in acetate to propionate ratio in vitro and in vivo.  

However, humates affect on rumen fermentation has not been clearly defined.  The 

objective of this study was to determine humic/fulvic acid effects on serum urea nitrogen, 

ruminal pH, ammonia nitrogen and volatile fatty acid production.  

Intakes were altered when fed humic/fulvic acid (HFA) as shown in Table 4.2.  It 

is well known monensin depresses intake and increases feed efficiency (Raun et al. 1976; 

Branine and Galyean, 1990; Lana et al., 1997) which was confirmed in our study.  Also, 

steer DMI on the 0.5% and 1.0% HFA was lower than control, yet intake for 1.5% group 

was higher than all other diets.  Chirase et al. (2000) demonstrated a similar decrease in 

intake during first 28 days for cattle fed a lower HFA concentration (0.78%) vs. control 

and increased concentrations (1.56% and 3.12% HFA).  However, no increase in 
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efficiency was observed for the 56 day period.  Covington et al. (1997) showed that 

lambs fed 1.0% and 2.0% humate during 63 days consumed less feed and converted more 

poorly than lambs fed 0% and 0.5%.  Accordingly, our study was not a performance trial 

and inconsistent reports make it difficult to conclude that HFA would alter efficiency.  

Intake differences could be attributed to short periods of time cattle were fed a particular 

diet, rumen leakage around the cannula, relieving gut fill and increasing appetite, or 

simply a small number of cattle on trial.  Albeit, it does not appear that intake differences 

can be attributed to palatability. 

No differences were observed for serum urea nitrogen (SUN), also reported by 

Chirase et al. (2000).  This is potentially due to the lack of ammonia binding in the rumen 

by HFA and no differences in rumen pH between treatments.  This demonstrates similar 

concentrations of rumen ammonia in the unionized form (NH3-N) available for transfer 

across the rumen wall.  Similar SUN concentrations were reported by Gleghorn et al. 

(2004) when cattle were fed an isonitrogenous, 13% CP, 90% concentrate diet.   

Also, no difference in rumen pH was observed.  Rumen pH did reach its lowest 

state at 4 hours post feeding for diets fed 0 and 0.5% HFA, which is supported by (Owens 

and Zinn, 1988) and was between 5.5 and 6.3 in support of (Owens and Goetsch, 1988).  

The pH for all treatments and monensin-fed cattle did tend to be higher than control, but 

not significantly.  It has been shown that rumen pH does not decrease as much as control 

steers when cattle are fed monensin (Branine and Galyean, 1990).  The lack of difference 

among treatments could be due to higher roughage levels than typical beef cattle 

finishing diets.  Beyond this, some research has shown an increase in performance of 
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monogastrics, but Kocabogli et al. (2002) hypothesizes that it is due to an increase in 

uptake of N, P and other nutrients.  However, due to buffering capabilities of humates, 

we could possibly see this response in monogastrics rather than ruminants, due to a more 

acidic stomach environment.  If humic/fulvic acid buffers stomach pH it could slow down 

rate of passage and improve efficiency.  Accordingly, pH in the rumen is closer to neutral 

and therefore ruminants may not reap the benefits of humic/fulvic acids.   

Rumen ammonia nitrogen production peaked at 1-hour which contradicts peak 

time being 2-hour in isonitrogenous diets (Owens and Zinn, 1988).  However, this 

response has been seen in dairy steers (Spires and Clark, 1979) and could possibly be 

unique to Holstein cattle due to an increase in rumen volume.  Rumen ammonia-N did 

not differ with regards to treatment.  However, monensin-fed cattle and cattle fed 0.5% 

HFA did have lower concentrations of NH3-N than other diets.  In monensin-fed steers, 

this is typical and primarily due to inhibiting ruminal deamination and proteolysis of 

dietary protein (Van Nevel and Demeyer, 1977).  However, this would be difficult to 

conclude for 0.5% HFA due to its inability to affect VFA profile in this study and 

performance or efficiency during previous trials (Chirase et al., 2000 and Covington et 

al., 1997).  Humates do not alter fermentation by binding ammonia in the rumen and 

slowly releasing it for microbial proliferation. 

 Volatile fatty acid (VFA) profiles did follow previous studies involving 

monensin.  Monensin had a shift in molar proportions from acetate to propionate and had 

a significantly lower molar ratio of acetate than all other diets.  This shift in fermentation 

by monensin was demonstrated by Richardson et al. (1976).  Due to this shift, monensin-
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fed cattle also had lower isobutyrate and isovalerate molar proportions than control.  

Total VFA was similar for 1.0% HFA compared to monensin, but this was primarily due 

to a significant increase in total VFA by one steer.  Therefore, it is not safe to conclude 

that 1.0% HFA increases VFA production similar to monensin. 
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CHAPTER 6 

IMPLICATIONS 

Humic/fulvic acid does not alter rumen fermentation in the same mode of action 

as monensin.  Although minimal research has been conducted, humic/fulvic acid has not 

shown promise as a performance promoting supplement in ruminant diets. 

Supplementing humic/fulvic acid could possibly decrease methane production.  Even 

though it is not via the same process as monensin, it may compliment monensin and 

decrease methane production without sacrificing performance.  If applicable, 

humic/fulvic acid would prove to be a valid supplement for feeders facing rising 

environmental stipulations.  Humic/fulvic acid products can be inconsistent and 

completely different depending on what environment they come from. This could pose a 

problem with the consistency and validity of research with humates as supplements in 

animal diets. 



 
 

 

59

 

Table 4.1.  Ingredient (DM basis) and nutrient composition of diets 
                                                                                                  HFA %DM                                    
Item Rumd 0.0 0.5 1.0 1.5  
Ingredients 

 Alfalfa Hay Mid Bloom 15.00 15.00 15.00 15.00 15.00  

 Steam-Flaked Corn 71.25 71.25 70.75 70.25 69.75  

 Urea 1.25 1.25 1.25 1.25 1.25  

 Tallow 5.00 5.00 5.00 5.00 5.00  

 Cane Molasses 5.00 5.00 5.00 5.00 5.00  

 Mineral Supplementa,b 2.50 2.50 2.50 2.50 2.50 

 NEm, Mcal/kg 2.19 2.19 2.18 2.17 2.15 

 NEg, Mcal/kg 1.50 1.50 1.49 1.49 1.48 

Diet Composition 

 DM 88.84 89.00 88.21 88.58 88.33  

 Ash 4.56 4.45 4.32 4.65 4.65 

 CP 12.43 12.73 12.41 13.13 12.98  

 DIP, % of CPc  54.22 54.22 54.00 53.79 53.57 

 ADF 9.35 9.66 9.95 10.19 10.37 
 aMineral supplement composition (DM basis): limestone, 47.059%; dicalcium 

phosphate, 1.036%; potassium chloride, 8.000%; magnesium oxide, 3.448%; ammonium 

sulfate, 6.667%; salt, 12.000%; cobalt carbonate, 0.002%; copper sulfate, 0.157%; iron 

sulfate, 0.133%; calcium iodate, 0.003%; manganese sulfate, 0.500%; selenium premix 

(0.16%), 0.125%; zinc sulfate, 0.845%; vitamin A (30,000 IU/g), 0.264%; vitamin E 

(500 IU/g) 0.540%; Rumensin-80, 0.675%; Tylan 40, 0.450%.; ground corn, 18.096% 
bSupplement treatments substituted Rumensin-80 with ground corn  
cCalculated using tabular values (NRC, 1996) 
dRumensin 
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Table 4.2.  Effects of Humic/Fulvic Acid on DMI, serum urea N (SUN), pH and rumen ammonia N in Holstein steers fed an 
85% concentrate diet 
 
                                                                       HFA %DM                                            P                           Contrasts                            
Item Rum1 0.0 0.5 1.0 1.5 SEM TRT2 TRT2 x T3 L Q  
Intake 

 kg·hd-1·d-1 9.44a 10.13b 9.66c 9.81c 11.22d 1.46 0.01  0.01 0.01 

SUN, mg/dL 7.50 7.54 7.00 7.61 7.75 0.50 0.86 0.61 0.58 0.49 

Rumen 

 pH 6.05 5.88 6.19 6.08 6.14 0.12 0.41 0.99 0.20 0.30 

 NH3-N, mg/dL 4.84 6.01 4.86 5.86 5.61 0.40 0.10 0.82 0.91 0.26 
a,b,c,dMeans in a row that do not have common superscripts differ (P<0.05) 
1Rumensin 
2Treatment 
3Time 
*Treatment x period was tested for intake there was no interaction (P>0.05)
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Table 4.3.  Effects of Humic/Fulvic Acid on volatile fatty acid production in Holstein steers fed an 85% concentrate diet 

 
                                                                                HFA %DM                                                              P                        Contrasts        
Item Rum1 0.0 0.5 1.0 1.5 SEM TRT2 TRT2 x T3 L Q  
Total VFA, mM 121.0 112.0 112.3 122.2 109.7 4.9 0.2 0.9 0.9 0.2 

VFA, mol/100 mol 

 Acetate 51.82 53.44 54.56 52.86 54.02 0.93 0.27 0.99 0.99 0.98 

 Propionate 27.55 24.73 24.82 25.28 25.33 1.06 0.31 0.99 0.63 0.98 

 Butyrate 13.50 12.64 13.17 14.19 13.05 0.41 0.09 0.99 0.22 0.04 

 Isobutyrate 1.30a 1.76b 1.48ac 1.54ab 1.58bc 0.09 0.01 0.87 0.21 0.08 

 Valerate 3.25 2.98 2.96 3.09 3.07 0.15 0.67 0.99 0.55 0.98 

 Isovalerate 2.56a 3.26b 2.97ab 3.00b 2.93ab 0.16 0.04 0.99 0.18 0.49 

Acetate:Propionate 2.03a 2.44b 2.53b 2.36b 2.42b 0.28 0.01 0.99 0.60 0.83 
a,b,c,dMeans in a row that do not have common superscripts differ (P<0.05) 
1Rumensin 
2Treatment 
3Time 
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APPENDIX A 
 

ANIMAL SUBJECTS APPROVAL 
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