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CHAPTER I 

 

LITERATURE REVIEW 

 

INTRODUCTION 

 

Over the last three decades, the emphasis of ration formulation has shifted from 

only milk volume and fat to also include milk protein percentage and yield. In recent 

years, mathematical approaches have allowed for improved models of nutrient 

requirements and utilization. These models will be used more frequently in the future to 

support decisions not only regarding the nutrition of dairy cattle, but for other aspects 

including farm economics and environmental impact (Chalupa, 2007). 

 

Crude protein (CP) is one of the more costly components of a dairy cow ration. 

While nutritionists are typically concerned with the effect of varying dietary protein 

concentrations and sources on ration cost, there is a growing appreciation of the cost of 

inefficient protein utilization. Protein supplied in excess of cow requirements, is 

converted to urea by the liver and recycled to the rumen or excreted in urine, milk or 

manure (Broderick, 2003, Burgos et al., 2007). Concern over potential pollution of 

groundwater by nitrogenous and ammonia emissions from manure has led to limits on 

how much manure nitrogen may be applied to cropland. Efficient use of protein results in 

less nitrogen excreted in manure per pound of milk produced (Weiss et al., 2007). 



 2 

Non-protein nitrogen (NPN) is usually a less expensive nitrogen-dense form of 

rumen degradable protein (RDP) than oil-seed meals. Urea is the principal form of NPN 

presently used in ruminants rations (Huber, 1975) and it has shown some advantages 

when included in dairy cattle rations, specially feed costs reduction since it has shown 

price advantage that justified its inclusion in dairy concentrates mixtures; however, 

excess urea in the diet can be toxic to ruminants. The inability of the liver to convert all 

absorbed ammonia to urea is responsible for the presence of ammonia in peripheral blood 

which may result in toxicity (Chalupa, 1968). Theoretically, larger amounts of urea could 

be used for microbial protein production if release rates were matched to usage by the 

ruminal ecosystem (Siciliano-Jones, 2005). In corn growing areas there has been a 

marked increase in corn silage feeding to dairy cattle, thus, increasing the 

supplementation of protein relative to a legume-silage based ration. NRC (2001) 

suggested that a practical limit for urea in concentrates is between 1.5 and 2%. Higher 

levels of urea than suggested have resulted in depressed feed intakes and lowered milk 

yields. Furthermore, detoxification of ammonia due to excess of urea in dairy cattle diets 

is energy dependent, thereby reducing energy available for productive and reproductive 

purposes (Butler, 1998). The author stated that, ruminally degradable protein or ruminally 

undegradable protein in excess of requirement could contribute to reduced fertility in 

lactating cows. Protein in excess of lactation requirements has been shown to have 

negative effects on reproduction (NRC, 2001). Dietary protein nutrition or utilization and 

the associated effects on ovarian or uterine physiology have been monitored with urea 

nitrogen in plasma or milk; concentrations above 19 mg/dl have been associated with 

altered uterine pH and reduced fertility in dairy cows.  



 3 

Mechanisms for reduced fertility include exacerbation of negative energy balance 

and reduced plasma progesterone concentrations when cows were fed rations that were 

high in ruminally degradable intake protein. Alternatively, changes in uterine secretions 

that are associated with high protein intake and elevated plasma urea nitrogen might be 

detrimental to embryos. The conversion of an ammonia molecule to urea (urea cycle) by 

liver costs 3 ATP and in other tissues (kidney, muscle and brain), glutamic acid reacts 

with ammonia to form glutamine, which costs 1 ATP. Trials focused on synchronizing 

the ruminal production of ammonia with ruminal energy digestion have been done on the 

development of controlled release urea compounds for more than 30 years. Galo (2003) 

suggested that slow-release NPN compounds, including isobutylidene diurea, acetylurea, 

biuret, starea, linseed-oil-coated urea and formaldehyde treated urea have not been as 

advantageous as urea because a substantial part of the NPN in them may leave the rumen 

without being converted to ammonia, reducing its incorporation into microbial protein. 

These data clearly indicate that a new approach to supplying controlled release NPN was 

needed. 

 

In the first section of this review, the use of urea as a supplement and the use of 

controlled-release urea in dairy cattle rations are reviewed. In the second section, dietary 

effects of protein and energy interactions on microbial protein synthesis (MPS), milk 

production and milk urea nitrogen (MUN) is reviewed. In the third section statistical 

designs for commercial dairy field trials and the use of a crossover design is described. In 

the last section of this review, the importance of economic analyses, especially Income 

Over Feed Costs (IOFC), for supplements and additives is discussed. 
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USE OF UREA IN DAIRY CATTLE RATIONS  

 

Non-protein nitrogen (NPN) in feedstuffs 

 

Dietary crude protein (CP) for feedstuffs is defined as the nitrogen (N) content 

multiplied by 6.25. The definition is based on the assumption that the average N content 

of feedstuffs is 16 g per 100 g of protein (NRC, 2001). Crude protein includes protein and 

non-protein nitrogen (NPN) and many feedstuffs for livestock contain NPN. Forages 

generally are higher in NPN when compared with concentrates. Corn silage can contain 

as high as 50 % of its total nitrogen as NPN and preservation of alfalfa silage results in 

45% NPN (Broderick et al., 1999). Alfalfa hay may content between 10 to 20 % of the 

nitrogen as NPN (NRC, 2001). Nitrogen fractions, the amino acids lysine and 

methionine, and RUP digestibility of common feedstuffs used in Midwest are presented 

in Table 1. 

 

One of the main objectives of ruminant protein nutrition is to provide adequate 

rumen degradable protein (RDP) for optimal rumen microbial protein synthesis (NRC, 

2001). There are many protein sources with a high content of RDP that are commonly fed 

to dairy cows. The most common is solvent soybean meal (SBM), which is fed 

worldwide for supply and cost effectiveness reasons. Other oil seed meals are fed to dairy 

cows as protein supplements, including cottonseed meal (CSM), canola meal (CNM), 

sunflower meal (SFM), and linseed meal (LSM).  
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According to NRC (NRC, 2001), SBM, CSM, CNM, SFM, and LSM contain 

57%, 58%, 58%, 84%, and 47% RDP (% of CP), respectively. Conversely, the animal-

marine protein supplements blood meal and fish meal contain only 34% and 23% RDP 

(NRC, 2001), respectively. 

 

In recent years, the price of SBM has been highly volatile thereby causing strong 

effort to find new alternatives for controlling feed costs. Urea is an alternative, less 

expensive source of NPN for use in ruminant diets as a source of RDP with 100% RDP 

(% of CP equivalents [CPE]). Urea is produced commercially from two raw materials, 

ammonia and carbon dioxide. Large quantities of carbon dioxide are produced during the 

manufacture of ammonia from coal or from hydrocarbons such as natural gas and 

petroleum-derived raw materials. This allows direct synthesis of urea from these raw 

materials (Glibert et al., 2006). Urea is a simple compound that contains 46.7% of 

nitrogen. Ruminants have the unique ability to metabolize dietary NPN and RDP for 

synthesis of protein by bacteria within the rumen. Essentially all endogenous urea 

production occurs in the liver (Huntington and Archibeque, 2000), however, other tissues 

have the enzyme activity required to urea production (Emmanuel, 1980). The liver 

removes and detoxifies any excess of ammonia that is absorbed, or diffuses, across all 

sections of the digestive tract of ruminants by converting the ammonia to urea. Once 

released into the blood, endogenous urea is excreted in urine and milk or reenters the 

digestive tract by diffusion into saliva or directly across the gut wall (Huntington and 

Archibeque, 2000). The authors stated that, urea production, excretion, and recycling to 

the gut are linked to diet composition, intake, and productive priorities of the animal. 
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The urea cycle (Figure 1) consists of five reactions, two mitochondrial and three 

cytosolic. The cycle converts two amino groups, one from NH4
+
 and one from aspartic 

acid, and a carbon atom from HCO3
-
, to the relatively nontoxic excretion product, urea, at 

the cost of four "high-energy" phosphate bonds, three ATP hydrolyzed to two ADP and 

one AMP (Table 2). Urea-genesis in the liver is closely linked to degradability of dietary 

N and subsequent absorption of ammonia (Huntington and Archibeque, 2000).  

 

Ammonia is an essential compound factor in the utilization of NPN by ruminants. 

According to NRC (1976), the following steps are involved in the utilization of urea by 

ruminants: 

 

(1) Urea Microbial urease  NH3 + CO2 

(2) Carbohydrates  Microbial Enzymes  Volatile Fatty Acids + Keto 

Acids 

(3) NH3 + Keto Acids  Microbial Enzymes  Amino Acids 

(4) Amino Acids  Microbial Enzymes  Microbial Protein 

(5) Microbial Protein  Animal Enzymes in the Abomasum and Small 

Intestine  Free Amino Acids 

(6) Free Amino Acids are absorbed from the small intestine and used by the 

host animal. 

 

As indicated by the scheme, NPN must first be converted to ammonia and 

microbial enzymes mediate the reaction.  
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In the case of urea, the hydrolytic enzyme is urease. Urea is rapidly hydrolyzed 

under most ruminal conditions. One concern of high levels of urea feeding is excess of 

ammonia production, which may lead to ammonia toxicity (NRC, 2001). Ruminants 

depend on the liver to detoxify an excess of ammonia absorbed from the gut. Huntington 

and Archibeque (2000) stated that the capacity of the liver sometimes is exceeded, and 

that response is usually associated with excess supply of dietary urea or similar rapidly 

degradable N source. Non-protein nitrogen compounds are broken down to ammonia, the 

central component, during the fermentation process in the rumen. As presented in 

previous scheme, microorganisms in the rumen combine this ammonia with products of 

carbohydrate metabolism to form amino acids in microbial protein.  

 

Microbial protein passes from the rumen into the abomasum and small intestine 

for digestion and absorption to meet the daily metabolizable protein requirements of the 

animal (Figure 2). 

 

Urea utilization and milk production. 

 

Ruminants can make efficient use of diets that are low in protein content or of 

poor quality, because ruminal microbes synthesize good quality protein plus capture 

recycling urea N that would otherwise be excreted in the urine (Broderick, 2006). 

Increased amounts of supplemental proteins in the rations above cow requirements 

increases feed costs and contribute to environmental N pollution.  

 



 8 

Nowadays, there is a growing awareness worldwide of the necessity to protect the 

environment by preventing the contamination of soil and water with excessive amounts 

of phosphorus (P) and N mainly (Tamminga, 1996). The NRC (2001) stated the NPN 

sources like urea can be an effective supplier of RDP along with the RDP coming from 

true protein in supplements for rumen microbial protein production. However, some 

researchers have found that greater synthesis of rumen microbial protein can be achieved 

if diets contain only RDP coming from true protein. For example, Brito et al. (2007) 

replaced supplemental urea N with true protein from SBM, CSM, or CNM and observed 

that omasal flow of individual AA, essential AA, nonessential AA, and total AA all were 

lower for cows fed urea. Lower flows of microbial NAN and AA explained depressed 

yields of milk and milk components on the urea diet than the true protein diet. 

 

Several studies (Boucher et al., 2007, Broderick, 2003, Broderick et al., 2009, 

Burgos et al., 2007, Olmos Colmenero and Broderick, 2006, Wu and Satter, 2000) 

showed the effects of supplemental RDP from true protein, true protein plus urea, or urea 

on milk yield, milk components (% and kg), MUN, and BUN by dairy cows (Table 3). 

Replacement of RDP from true protein sources like SBM with RDP from urea in diets 

formulated mainly with corn and alfalfa silage resulted in linear decline in milk, fat, and 

protein yields. Also, linear increases in concentrations of MUN and BUN with increasing 

concentrations of dietary urea were observed. 
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Broderick et al. (2009) indicated that replacing RDP from true protein sources 

with that from NPN sources like urea, may reduce yields of milk and milk components by 

depressing microbial protein production  in the rumen or NPN sources were less effective 

than true protein for supplying RDP.  Boucher et al. (2007) concluded from their study 

that the optimum ruminal ammonia concentration to support maximum synthesis was 

between 11 and 13 mg/dl when a corn silage-based diets are fed to lactating cows. Theses 

results were achieved when concentrations of RDP were 10.0 and 10.8% of the diet DM 

and dietary urea concentrations were 0.3 and 0.6% (DM basis). On the other hand, Olmos 

and Broderick (2006) indicated that, according to their study, diets containing 16.5% of 

CP supported maximal milk, fat and protein yields with reduced MUN and BUN 

concentrations and reduced N excretion to the environment compared with diets with 

higher CP content. Regardless the energy content of the diets, feeding 16.7% CP was 

adequate for supporting high milk, fat, and protein yields and reducing MUN and the 

excretion of N into the environment.  

 

Since high costs associated with high rates of protein supplementation and 

environmental concerns have become issues, dietary CP guidelines are being reevaluated. 

Wu and Satter (2000) found that early lactation diets (8 weeks) for high producing cows 

(~11,000 kg/308 d) should contain a minimum of 17.5% CP of which RUP is 35 to 37%. 

Dietary CP in later lactation should be reduced as milk production declines. This 

reduction should not occur before mid-lactation, and then not be reduced below 

approximately 16%. 
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Factors influencing urea utilization are shown in Table 4. Broderick (2007) 

suggested that only a portion of the dietary RDP can be replaced by NPN, because of 

limited ability of ruminal microbes to utilize ammonia. Ammonia is used best on diets 

that are high in NFC. Reducing grain particle size increases ruminal starch digestion and 

increases microbial protein production (Huntington, 1997). 

 

NEW TECHNOLOGIES FOR UREA USE BY RUMINANTS 

 

Use of Controlled-Release Rumen Urea as a Source of NPN in Dairy Cattle Diets. 

 

Over the past 30 years, a number of technologies have been developed to 

synchronize ruminal NPN release with carbohydrate degradation in the rumen in an 

attempt to maximize ruminal microbial yield (Tikofsky, 2007).  

 

New products containing urea with biodegradable coatings have been recently 

marketed for use in ruminant diets. These products differ from earlier attempts in that 

manufacturing procedures include the addition of a coating designed to slow the rate 

ammonia release from urea. This strategy to use urea in dairy diets relates to potential 

problems with the use of unprotected urea such as poor feed intake, depressed milk fat, 

and even death by toxicity (Huber and Kung, 1981). In addition, Owens (1980) suggested 

the rapid ruminal hydrolysis of urea as a factor of limiting the utilization of urea as a 

NPN source.  
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Akay et al., (2004) suggested that it is important that the rate of ammonia 

production in the rumen be coordinated with the rate of carbohydrate fermentation since 

bacterial growth is dependent on ammonia produced in the rumen and energy availability 

(Newbold and Rust, 1992). 

 

Urea derivates, such as isobutylene diurea (Teller and Godeau, 1986) and  biuret 

(Löest et al., 2001), or urea combined with different substances, such us linseed oil 

coated urea (Forero et al., 1980) and formaldehyde-treated urea (Prokop, 1976), have 

been utilized. In addition, approaches to match energy availability with ammonia release 

in the rumen have been investigated for synchronizing energy availability with ammonia 

release in the rumen (Forero et al., 1980). Combinations of urea and starch (Deyoe et al., 

1968), urea and cellulose (Conrad and Hibbs, 1968), starea a mixture of gelatinized starch 

and urea (Bartley and Deyoe, 1975, Helmer et al., 1970, Jones et al., 1975, Males et al., 

1979), and urea and fatty acids (Wanasundara and Shahidi, 1999) have been also 

investigated. However, these protected products have not been widely adopted, because it 

appears that a substantial portion of the NPN may leave the rumen without being 

converted to ammonia, thus reducing its incorporation into bacterial protein (Akay et al., 

2004). In addition, the ammonia formation from these compounds in the rumen, though 

slower than urea, was still too fast to optimize microbial protein production by rumen 

bacteria (Owens and Zinn, 1988).  
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Recently, new sources of controlled release urea have been designed, Optigen
®

 

1200 (Galo et al., 2003), Optigen
®

 (Harrison and Karnezos, 2005) and Nitrosure 

(Emanuele and Putnam, 2006), for incorporation into dairy and beef cattle rations. 

Golombesky (2006) and Owens (1980) suggested that a slow-release of urea ruminally 

could minimize the detrimental effects of unprotected urea and thus enhance the 

acceptance of urea supplements by the feed industry and the utilization of urea by 

ruminants.  

 

Golombesky (2006) conducted a trial and concluded that the addition of a slow-release 

urea to dairy rations, reduced intake without affecting milk production resulting in 

improved feed efficiency. Slow-release urea (Ruma-Pro) is calcium chloride urea. Eight 

multiparous and 4 primiparous Brown Swiss cows (117 ± 46 d in milk) were blocked by 

parity and utilized in a multiple Latin square design. Basal diets were formulated for 

16.6% crude protein and 1.55 Mcal/kg of net energy for lactation and contained 35% of 

dietary dry matter as corn silage, 15% alfalfa hay, 34% of a concentrate mix containing 

varying proportions of ground shelled corn and soybean meal, and 16% of a constant 

concentrate premix. Data obtained in an experiment conducted by Forero (1980) 

indicated that slow-release urea (NIPAK Corporation) improved palatability of urea-

containing supplements and effectively slowed ammonia release from urea Eighty-five 

lactating Hereford cows, were individually fed five different supplements in a 92-day 

trial.  
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Supplements contained: 15 or 40% SBM (negative and positive control, 

respectively), 1.22 kg/head/day; 40% protein (62.5% of crude protein equivalent from 

SRU), 1.22 kg/head/day; 40% protein (62.5% of crude protein from urea), 1.22 

kg/head/day; and 20% protein (62.5% of crude protein equivalent from urea), 2.44 

kg/head/day.  

 

These data clearly indicate that a new approach to supply controlled release 

rumen protected urea, as a NPN was needed. Optigen
®
 is an NPN supplement with a 

biodegradable coating, a mixture of Vegetable Oil, Beta Carotene, BHT and Citric Acid 

to coat individual non-protein nitrogen prills, that has controlled release properties using. 

This product is a highly concentrated nitrogen source with 256% CPE (DM basis; 41% N 

x 6.25) designed to enhance rumen function by supplying nitrogen to rumen bacteria at a 

rate that optimizes the conversion into bacterial protein (Tikofsky, 2007). The coating is 

designed to be inert in the gastrointestinal tract of ruminants, yet release water-soluble 

urea through pores in the coating.  

 

The passage rate of digesta out of the rumen will vary depending on the level of 

feed intake. Optigen
®
 provides 7.0% immediately available (soluble) N and 81.5% 

potentially degradable N with a fractional degradation rate of 23.7%/h as determined In 

vitro by García-González (2007). In situ disappearance of Optigen
®
 was complete within 

8 to 16 hours of ruminal incubation, depending on the manufacturing process (Figure 3).  
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Siciliano-Jones and Downer (2005) suggested that the urea in Optigen
® 

diffuses 

through the coating over a period of approximately 16 hours in the rumen, but the rate of 

diffusion is a function of the coating integrity and thus may vary. Analyses conducted by 

FARME Institute, Inc. (Homer, NY; Siciliano-Jones and Downer, 2005) demonstrated 

the slow-release characteristics of Optigen
®
 under in situ conditions (Figure 4).  

Optigen
®
 also increases the N density of the protein supplements in the diet, thereby 

creating more space for the inclusion of carbohydrates in the ration. The in situ nitrogen 

disappearance rate of Optigen
® 

has been found to be similar to other RDP such as SBM, 

CSM, LSM or SFL and slower than unprotected urea  (Figure 5). 

 

Emanuele et al. (2001b) proposed the following objectives for the development of 

controlled-release urea products: provide an improved NPN source for enhanced rumen 

health and microbial populations, increase milk production by dairy cattle, increase 

efficiency of feedstuff utilization,  maintain between 6 to 18 mg NH3 – N/100 ml of 

rumen fluid on a continuous daily basis during a feeding regimen, and decrease manure 

excretion. Emanuele et al. (2001a) further proposed that controlled-release urea can have 

several advantages when incorporated into  feeding programs  for lactating dairy cattle: 

 

1. The amount of supplemental true protein in the ration can be reduced (i.e., SBM); 

2. Increase the nutrient density of supplements in the diet, thereby creating more 

space in the ration for high quality forage (i.e., corn silage).  

3. Utilization of forages with low crude protein content is promoted (e.g., tropical 

grasses);  
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4. Greater flexibility in diet formulation (Tikofsky, 2007); 

5. The volume of cattle manure is lessened, and the nitrogen content of the 

accumulated manure output is minimized. (Efficient use of proteins results in less 

nitrogen excreted in manure for every pound of milk produced (Weiss et al., 

2007); 

6. The ruminal ammonia profile is similar to SBM, and thereby satisfactory for 

efficient microbial growth; 

7. Population and efficiency of rumen microorganisms is increased (Table 5); and 

8. A higher level of NPN can be fed without detrimental ammonia toxicity. 

 

Siciliano-Jones and Downer (2005) observed in their study that the risk of ammonia 

toxicity from Optigen
® 

was low and attributed that safety to the  controlled-release of 

nitrogen in the rumen. A limited scale toxicity test and initial field observations showed 

that the product could be safely fed to lactating dairy cows at up to 454 grams per head 

per day as shown in (Table 6).  
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Rumen Degradable Protein (RDP) and Rumen-Undegradable Protein (RUP). 

 

The objective of feeding dairy cattle nutritionally balanced diets is to provide a 

rumen environment that maximizes microbial production and growth. When designing 

rations for ruminants, the needs of both the animal and the rumen microorganisms must 

be considered. Dietary CP in ruminant diets serves as a source of metabolizable protein 

providing both ruminal-degraded protein (RDP) for microbial synthesis and ruminal 

undegraded protein (RUP). Specifically, the goals of ruminant protein nutrition are to 

provide adequate amounts of RDP for optimal rumen efficiency and to obtain the desired 

animal productivity with a minimum amount of dietary RUP, as RUP is usually more 

expensive than RDP. NRC (1976) suggested that, the efficiency of use of CP is optimized 

with the inclusion of complementary feed proteins and NPN supplements in the ration. 

Those supplements should provide amounts and types of RDP that will meet the N needs 

of ruminal microorganisms for maximal synthesis of microbial crude protein (MCP) and 

the necessary amounts of digestible RUP that will optimize the profile and amounts of 

absorbed amino acids (NRC, 2001). Ruminal degradation of dietary feed CP is an 

important factor influencing ruminal fermentation and AA supply to dairy cattle.  

 

Ruminally degraded feed protein provides a mixture of peptides, free amino acids 

and ammonia for microbial growth and synthesis of microbial protein. Ruminally 

synthesized microbial protein supplies most of the AA that will pass to the small intestine 

(Table 7). Rumen undegraded protein (by pass protein) is the second source of 

absorbable AA for ruminants.  
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According to NRC (2001) RDP values for feedstuffs (% of CP) are computed 

using the equation RDP = A + (B * (kd / [kd + kp])). The RUP values for feedstuffs (% 

of CP) are computed using the equation RUP = (B * (kp / [kd + kp])) + C or RUP = 100 – 

RDP. These data fit a model with three pools where: 

 

A      = Fraction A, % of CP. NPN or protein assumed to be instantly degraded in the 

rumen 

B      = Fraction B, % of CP. Protein that is potentially degraded in the rumen. 

C      = Fraction C, % of CP. Protein that is undegraded in the rumen. 

Kd    = Rate of degradation of fraction B, % / h. 

Kp    = Rate of passage from the rumen, % / h. 

 

Only the B fraction can be affected by relative rates of passage. The fraction A is 

considered to be completely degraded in the rumen and all of fraction C is considered to 

pass from then rumen undegraded. The sum of RDP plus RUP must equal 100%. 

Requirements for RDP in the generally range 9.5 to 10.5% of the dietary DM for dairy 

cows depending on diet, animal characteristics and production level NRC (2001).  

However, Cyriac et al. (2008) suggested that the requirements for microbial RDP can be 

met with lower concentrations of RDP than those recommended in the current (2001). 

Mid-lactation dairy cows fed RDP diets with 8.8% (15.9% CP) of DM as RDP 

maintained DMI, milk yields and milk components compared with cows fed high RDP 

diets (Cyriac et al., 2008).  
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Reynal and Broderick (2005) found that decreasing the RDP from 13.2 to 11.7% 

and CP from 18.8 to 17.7% of DM did not affect milk production or FCM.  Gressley and 

Armentano (2007) observed no difference in milk production when comparing diets with 

10.1 or 7.4% . Over feeding protein relative to requirements decreases milk protein 

secretion efficiency and increases manure N excretion (Kalscheur et al., 2006). Close 

management of dietary proteins is needed to optimize milk production profitability and 

minimize environmental risks associated with excessive N excretion in urine and feces 

(Wu and Satter, 2000). Cyriac et al. (2008) suggested an improvement in milk N 

secretion efficiencies from 27.7% to 33.5% without a loss in milk production when   RDP 

(% of diet DM) was from 11.3% to 8.8%. 

 

DIETARY EFFECTS OF PROTEIN AND ENERGY INTERACTIONS ON 

MICROBIAL PROTEIN SYNTHESIS 

 

Nocek and Russell (1988) suggested that since ruminal microorganisms are an 

important source of AA (50 – 80% of the N reaching the small intestine is likely to be 

microbial origin) nutritionists should be focus on factors that affect synthesis of microbial 

protein. Microbial protein could be considered the best source of amino acids for milk 

protein synthesis (Santos et al., 1998). Table 7 also shows the amino acid composition of 

different protein sources in relationship to milk protein and also shows that microbial 

protein is the closest in AA content to milk protein. When the utilization of each amino 

acid is considered, microbial protein has the highest score followed by soybean meal.  
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Schwab (1994) suggested that an ideal ration in terms of digesta flow was 3:1 for 

lysine (Lys): methionine (Met) as a percentage of the total EAA flowing to the small 

intestine. If Lys and Met are the first limiting AA for milk production and milk protein 

synthesis in most dairy cattle diets, then microbial protein has an excellent amino acid 

balance as shown in Table 8 (Harrison and Karnezos, 2005). 

 

Bacteria are the principal microorganisms involved in protein degradation and the 

most abundant in the rumen numbering approximately 10
10-11

 cells per milliliter of rumen 

contents (Russell and Hespell, 1981). They can be grouped according to the type of 

substrate fermented and are categorized into eight distinct groups of rumen bacteria. 

Protozoa are also active and significant participants in ruminal protein degradation. The 

protozoa population in the rumen is about 10
5-6

 per milliliter of rumen contents and is 

influenced by feeding practices. Due to their large size (5 – 250 µm long), protozoa 

comprise a significant portion of the total microbial biomass in the rumen (Williams and 

Coleman, 1997). Protozoa differ with bacteria in their feeding behavior in that instead of 

attaching to feeds, they actively ingest bacteria, fungi and small particles of feed. Bacteria 

are their main source of protein, and higher numbers of protozoa are generally found in 

the rumen when diets of high digestibility are fed (NRC, 2001). Jouany and Ushida 

(1999) suggested that protozoa are net exporters of ammonia and with this, defaunation 

decreases ruminal ammonia concentrations. These microorganisms also contribute to 

volatile fatty acid production and are involved in sequestering carbohydrates from rapid 

bacterial attack by engulfing starch grains and other carbohydrates.  
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Without this function, a significant portion of carbohydrates would be fermented 

rapidly to lactate, and a lower ruminal pH may result, both aspects are detrimental to 

overall rumen function (Russell and Hespell, 1981). When mixed rumen bacteria 

populations or protozoa were incubated with different protein sources, protozoa had 

lower specific NH3 production activity than bacteria (Hino and Russell, 1987). There is 

not too much information available about fungi populations or functions and behavior in 

the rumen. Jouany and Ushida (1999) and Wallace (1986) suggested that anaerobic fungi 

have a minimal effects on ruminal protein digestion, because of their low ruminal 

concentration which is about 10
3-4 

/ ml. 

 

Because microorganisms ferment carbohydrates, the association between 

carbohydrate and protein metabolism is strong (Nocek and Russell, 1988). Optimal 

microbial protein synthesis results from synchronous utilization of ruminally degraded 

protein and carbohydrates. Protein degradation often exceeds carbohydrate availability in 

the rumen, but conversely protein degradation can be too slow to support optimal ruminal 

digestion of carbohydrates (Herrera-Saldana and Huber, 1989) thereby reducing 

carbohydrate digestibility.. If there is insufficient ruminally available carbohydrate 

relative to RDP, N can be lost as NH3 and microbial protein synthesis reduced (Nocek 

and Russell, 1988). Therefore, provision of rumen available energy and protein at 

coordinated rates should allow microbes to obtain ATP and NH3 at the same time needed 

for cell synthesis, to obtain a better utilization of nutrients in the rumen and increase 

supply of microbial protein to the small intestine (Oldham, 1984).  
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Ruminal microbial synthesis and growth depends on the availability of N in the 

form of peptides, amino acids, NH3 (Russell et al., 1992) and rumen degradable 

carbohydrates, the primary energy substrate for ruminal microbes (Firkins et al., 2007). 

Daily microbial protein synthesis is the product of the efficiency of microbial protein 

synthesis (MPS) and is defined usually as grams of microbial crude protein (MCP) / 100 

grams (or kilogram) of organic matter (OM) digested in the rumen (Hoover and Stokes, 

1991). 

 

Most current models recognize the biological need to have rumen degradable 

carbohydrate in balance with a supply of RDP to meet microbes needs for preformed AA 

and ammonia (Firkins, 2002). Russell et al. (1992) indicated that nonstructural 

carbohydrate (NSC) degrading bacteria are the primary users of peptide and AA nitrogen, 

whereas structural carbohydrate (SC) degrading bacteria only utilize NH3. Griswold 

(2003) showed that, when urea was not available and RDP in the diet was increased, 

NDF, hemicelluloses, and NSC digestibility was improved suggesting that ruminally-

available N in the form of peptides and AA can improve the digestion of SC and NSC by 

the microbial population. Studies reviewed by Oldham (1984) where different 

concentrations and sources of protein and energy were fed to dairy cows concluded that, 

form of dietary energy affects protein utilization and that starch often promotes an effect 

of “protein-sparing”.  
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Herrera-Saldana and Huber (1989) showed that early lactation cows fed a diet 

synchronized for rapid rumen degradation, where the main sources of starch and protein 

were barley and cottonseed meal, produced more milk than cows fed a synchronized 

slowly degraded diet containing milo and brewers dried grains or unsynchronized diets 

with barley and brewers dried grains or milo and cottonseed meal. Herrera-Saldana 

(1990) concluded that higher milk yields observed in a previous study (Herrera-Saldana 

and Huber, 1989) could be explained by the synchronization for rapid fermentation with 

the more degradable starch and protein stimulating greater microbial protein flow than 

unsynchronized or less degradable synchronized diets.  

 

Figure 6 illustrates the utilization of protein and carbohydrate by rumen bacteria. 

When ATP (mainly from CHO fermentation) is available, AA that enter to the microbial 

cells can be incorporated into microbial protein, but if ATP is not available or is 

insufficient to support protein synthesis, AA will be fermented as an energy source and 

ammonia will accumulate (Nocek and Russell, 1988). Supplementing silage-based diets 

with moderate levels of readily fermented carbohydrates may increase microbial protein 

synthesis. Increasing the starch content of diets can affect the rumen microbes in a 

number of ways though, thus making it difficult to predict the effect of starch on rumen 

microbial protein synthesis (Dewhurst et al., 2000).  Karsli and Russell (2001) suggested 

that the average efficiency of microbial protein synthesis varies primarily according to 

the type of diet fed (Table 9).  
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A continuous culture study was conducted in by Stokes et al. (1991) to evaluate 

the effects of dietary RDP and NSC concentrations on microbial metabolism. Continuous 

culture provides a means to evaluate the effects of nutrients on the metabolism of 

microbes maintained under controlled conditions of pH, nutrient intake, and passage rates 

Results were variable, but Hoover and Stokes (1991) concluded that, because NSC has a 

major influence on total carbohydrate digestion (r = 0.99) and RDP affects both 

carbohydrate digestion and microbial efficiency (r = 0.71 and 0.94, respectively), it is 

appropriate to combine NCS and RDP, as percentages of DM, into a ratio to relate 

bacterial yield. 

 

Interest in synchrony of release of protein and energy in the rumen derives from 

the assumption that a lack of synchrony leads to inefficient microbial capture of nitrogen 

and hence to a reduced efficiency of microbial protein synthesis (Kyoung H Kim, 1999). 

In conclusion, to reach a high efficiency of microbial protein synthesis it can be useful to 

synchronize available carbohydrate with RDP. Akay et al., (2004) indicated that 

microbial metabolism in the rumen is a complex process requiring an understanding of 

the rate and extent of carbohydrate digestion and ammonia supply for efficient growth in 

the rumen. Finally, Hoover and Stokes (1991) suggested that, to optimize microbial 

protein synthesis, an understanding of the interaction of nitrogen and carbohydrates in the 

rumen is required. 
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MILK UREA NITROGEN (MUN) AS A MANAGEMENT TOOL TO MONITOR 

CHANGES IN FEEDING 

 

Overfeeding protein is expensive, may reduce cow performance, and the excess 

protein is excreted as urinary N that is highly unstable creating an environmental concern. 

Stoop (2007) suggested that milk urea nitrogen (MUN) has become an important 

diagnostic tool; i.e. due to the new European legislation the Netherlands will use MUN to 

monitor dairy herds for N utilization. Broderick and Clayton (1997) suggested that MUN 

may serve as an index of inefficient N utilization by dairy cows.  

 

Concentrations for MUN in the United States are usually expressed as mg/dl (100 

ml = 1 dl or deciliter). Guidelines for interpreting whole herd MUN values (bulk tank 

milk) for Holstein herds (Ishler, 2008) are presented in Table 10.  

 

Nutrition Risk Factors for High MUN Values. 

 

According to Ishler (2008) nutritional and management reasons for MUN levels 

falling outside recommended ranges that can cause high MUN values (< 10 - > 14 mg/dl) 

include: 

 

1. Excess dietary CP, RDP, and (or) RUP; 

2. Low dietary NFC;  

3. Low ruminal NFC degradability; 
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4. Poor forage quality. 

5. Feeding new crop corn silage that may not have the same level of fermentable 

carbohydrate (less starch or starch is less available) compared to corn silage that has 

fermented for a period of time. 

6. Cows grazing lush pasture can increase their intake of total and degradable protein. 

7. Change to a different hay-crop silage that is wetter or higher in protein and/or soluble 

protein. 

8. Feeding corn grain that has a coarse particle size. This may reduce the rate of 

fermentation in the rumen and may not match with the protein fractions being fed. 

9. Shifting from processed corn silage to unprocessed or improperly processed corn 

silage. This could affect the amount of available fermentable starch. 

10. Incorporating more degradable protein sources (e.g. changing from heat-treated 

soybeans (whole or cracked) to raw soybeans or heat-treated beans that are ground), 

which results in more rumen ammonia. 

 

Potential benefits from using MUN as a diagnostic tool are improvements in milk 

yield and composition, body condition score and fertility, lower feed costs and finally 

less nitrogen excretion to the environment. In addition to assessing dietary CP, RDP and 

RUP contents, measurement of MUN may provide useful information concerning protein 

utilization (Nousiainen et al., 2004). 
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STATISTICAL DESIGNS FOR DAIRY FIELD TRIALS 

 

Dairy cattle research conducted at university experiment stations are important in 

terms of providing knowledge that can be readily used by the dairy industry (Tempelman, 

2009). Research conducted at university stations are characterized for their vigilance, 

intensive sampling, proximity to laboratories, and compliance to the experimental 

protocol. However, because of increasing constraints on conducting large-scale animal 

studies at universities more research is being conducted on commercial dairies. These 

dairy field trials have implications for experimental design and data analysis.  

 

Feed and pharmaceutical industries rely heavily on commercial field trials for 

evaluating feed ingredients, feed additives, and other commercial products (St-Pierre and 

Jones, 1999). In addition, commercial field trials are used to determine the magnitude of 

response to a nutritional treatment and to provide its economic impact. Field studies on 

commercial dairy farms, as an experimental unit, have an advantage because large 

numbers of cows under different environmental conditions can be studied. An advantage 

of dairy field studies includes the potential to evaluate treatment responses for milk yield 

and composition across multiple locations and diverse management systems. Field trials 

provide researchers and extension specialists the opportunity to work as a team with 

nutritionists, veterinarians, and dairy producers. Also, field trials are often less expensive 

than research at universities.  
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A clear disadvantage of field trials is the loss of control of experimental 

conditions due to environmental and management changes during the trial. Important 

challenges with on field trials include proper blocking and the randomization of dairy 

farms to treatments (reference).  

 

There are several critical points to consider when conducting research on 

commercial dairy farms. First, control of randomization of cows to treatments may be 

compromised as depending upon the concerns of the farm manager, particularly when it 

is rather uncertain whether some treatments may have a detrimental effect on various 

aspects of dairy cattle performance. Second, and concomitant with increasing average 

herd sizes, a greater number of farms house and manage animals together in pens, thereby 

complicating issues for true experimental replication (St-Pierre, 2007). Coppock et al. 

(1970) assembled some of the techniques and procedures useful in field trials as follows: 

 

1. The experiment should be large enough in number of cows, pens, or farms, to be able 

to draw objective inferences and conclusions. Gill (1969) showed that large numbers 

of experimental units are necessary to detect small differences. Coppock (1970) 

reported loss of 20 to 50% of the original trial participants primarily due to study 

length and the perceived effect of treatment by the farmer. 

2. The experimental design should be kept as simple as possible; i.e. two treatments 

usually the maximum number in most field trials. A control group is essential in all 

trials. It is useful to set up the statistical design at the beginning of the study 

(Coppock et al., 1970). 
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3. Design a simple protocol to record the data, which can be summarized daily, weekly 

or monthly to monitor the progress of the experiment.  

4. Visit the dairymen and nutritionists as often as necessary to keep them convinced of 

your continued interest, concern, and desire to stay abreast of developments related to 

the experiment (Coppock et al., 1970). The authors also suggested that it is necessary 

to select treatments for field-testing focused on increased performance over current 

control.  

5. Keep DHI supervisors informed by sending them a brief description of general 

procedures of your experiment if the information that you will use comes from DHI 

records, especially when milk yield, and milk fat, protein, and MUN are the focus of 

the field trial. 

6. Enlist the good will of the herd veterinarians by sending them a description of the 

experiment and procedures. 

7. If possible, avoid experiments that might harm the productivity of cows unless 

compensation is specified at the beginning of the experiment. For that reason, it is 

important to create a compromise of compensation to dairy farmers in case a 

significant loss is incurred.  

 

The following guidelines are important for selecting trial sites: 

 

1. A large cow population on DHI test if many restrictions will be placed upon the 

participating herds (Coppock et al., 1970). 

2. Proximity of the farms if frequent travel to the farms is anticipated.  
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3. Best experimental performance is usually on owner-operator farms that have minimal 

labor and management problems. During the initial interview with the prospective 

participants, gauge their attitude regarding the research. During the initial site visit, it 

is also important to speak to all those who will be involved with the trial including the 

herd manager milkers, feeders, etc. Convince everyone associated with the herd the 

importance of the trial (Coppock et al., 1970). 

4. If the objective of the trial involves milk response to a nutrition treatment then it is 

crucial to involve the nutritionists.  Upon the completion of the experiment, data 

should be summarized as quickly as possible, and the results and conclusions should 

be sent to all participants whose cooperation made the experiment possible.  

 

Several preliminary planning activities are required before an experiment begins, 

and these activities are crucial to the success of the experiment. The statistician has a 

central role in these activities, particularly in relation to the choice of design to be 

adopted for the experiment that satisfies the available resource constraints (Godolphin, 

2004). Tempelman (2009) reported that there are several basic principles that are 

essential for proper experimental design whether they be applied to university research 

stations or commercial dairies. The experimental design depends on the objectives of the 

study and the experiment should be planned in detail. When cows are grouped together in 

pens on large dairies, then the same randomization principles apply except that pens or 

farm rather than individual cows, represent the experimental unit. It is a critical factor 

that dairy farms need to be randomly assigned to treatments in a completely randomized 

design (CRD) or COD.  
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St-Pierre and Jones (1999) observed that improper accounting or randomization of 

uncontrolled changes, like the environment, over time is one of the most common errors. 

It is also important to focus on a proper assignment of animals or farms to treatment, to 

replicate the treatment across multiple experimental units. In addition, the authors 

suggested that, it is crucial to put attention to on-farm oversight mainly to follow the 

protocols given, because this is one of the common errors. It is also important to apply 

the correct experimental design to avoid bias and to have the sufficient statistical power 

for detecting differences that will have biological and economic importance to the dairy 

industry. 

 

The two-period, two-sequence design has been extensively used and widely 

studied in the literature. Matthews (1988) reported that one of the earliest uses of COD, 

and one that is still in use today, is in animal feeding trials. In this design, each of the 

treatments appears in each sequence and in each period, and with that, the treatment 

effects are not confounded with the effects of sequence of delivery and periods (Table 

11). An important area where COD can be used is in field trials with commercial dairy 

farms. Tempelman (2009) suggested the following example. If there are two different 

treatments, A and B, to compare within each pen across two time periods, then one-half 

of the pens would be randomly assigned to the AB sequence, receiving A in the first 

period and B in the second period, whereas the other half of the pens would be assigned 

to the B A sequence. When specific pens are grouped together in a dairy farm, then the 

same randomization principle may apply, except that now dairy farm represents the 

experimental unit rather than pens of cows or individual cows.  
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An important factor for on-farm studies, in which pen is the experimental unit, 

involves an appropriate choice for the numbers of pens and cows per pen. It is important 

here to review what influences classical statistical power. In a simple way to explain the 

concept of statistical power, it is the probability that one would correctly conclude that 

two or more treatments have different mean responses. Most researchers understand that 

the larger the true mean difference between treatment groups, the greater the statistical 

power will be. Depending on the context, power will be sufficient if this probability is 

between 70 to 99%. A power analysis is the most common way of determining sample 

size (Festing and Altman, 2002). The same concept can be applied for on-farm studies in 

which the experimental unit is the dairy herd or dairy herds considering that several 

experimental units per treatment are required to establish experimental error such that at 

least two farms must be randomly assigned to each treatment. Experiments are often 

designed to measure continuous variables such as the effect of an additive in the diet on 

milk production and composition. Fixed scenario elements for the power procedure 

paired t-test to obtain mean differences in our trial are presented in Table 12. 

 

 Statistical models can be complex, but it is critical to detect if differences exist 

between the mean of a variable for the treatment groups. A simple formula can be used to 

compute sample size when power, significance level, the size of the difference between 

means, and variance of the population means are specified.  

 

 

 



 32 

 

To compute sample size for continuous variables, it is necessary to obtain an 

estimate of the population standard deviation of the variable and the magnitude of the 

difference that the researcher wishes to detect which is also called the effect. To calculate 

the sample size for a specific dairy field trial, it is useful to perform some simulations 

with the power procedure for a paired t test for mean differences with crossover design 

using SAS (2005).  
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MONITORING INCOME OVER FEED COSTS (IOFC) 

 

Since feed costs are often the greatest costs associated with milk production, 

minimizing these costs can improve profitability. The potential incorporation of 

ingredients into dairy cattle rations requires careful planning and evaluation. Change in 

feed and milk prices and milk production response to feed supplements are especially 

important, because they impact income over feed cost (IOFC) (Cabrera et al., 2009).  

 

The single largest dairy farm expense is feed which represents 40% to 60% 

percent of the total cost of producing milk. Depending on ratio of milk/feed prices, feed 

costs can represent 70% of total cost of milk production (Smith, 1976). There are some 

basics tools that nutritionists and producers can use to help manage price volatility. The 

IOFC measure is one of these tools, because it monitors how well the feeding program is 

working on a dairy operation (Adkinson et al., 1993). It can be calculated simply by 

taking the daily bulk tank milk average per cow times the milk price per kilogram minus 

the feed cost per cow per day. Income over feed cost is a function of milk price, feed 

costs, and the response of cows to rations (McLaren et al., 2005, Smith, 1976). Because 

IOFC establishes the relationship between milk outputs for the dollars required to 

produce the product, it can be readily compared across dairy farms in different regions to 

evaluate efficiency and profitability. Smith (1976) suggested that achieving maximum 

IOFC is dependent upon costs of nutrients from available feedstuffs and value of milk as 

well as the quantitative evaluation of factors affecting milk production  (i.e. the inherent 

capacity of the cow to produce milk, stage of lactation, quantity of grain feeding, forage 

quality, etc).  
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Generally, as milk yield increases, IOFC increases as feed costs to produce a liter 

of milk decrease. Adkinson (1993) stated that the higher IOFC is the more residual 

income can be applied to other expenses or returned to the owner as profit. Milk yield 

and feed cost are the two most important areas of management for increasing IOFC for 

the individual dairy farmer. The cost benefit (profitability) to substitute NPN for 

preformed proteins supplements depends on a number of factors, but the following four 

factors are considered to be the most important in an economic analysis: 

 

1. Price of the NPN supplement and the amount fed; 

2. Price of the protein supplement replaced and the amount fed; 

3. Price of the energy supplement or forage used to fill formulation space and the 

amount fed; and, 

4. Milk response to the change in the ration and the milk price. Milk price can only be 

influenced by the producer through improved milk composition, quality incentives, 

and volume premiums (Adkinson et al., 1993).  
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CONCLUSIONS 

 

Improvements in lactation performance by dairy cows have been reported in the 

literature in response to feeding Optigen
®
. However, more research, on-farm evaluations 

and economic analyses on Optigen
® 

use are warranted. The research objectives for this 

Thesis research were to determine the effect of Optigen
®
 as a source of dietary nitrogen 

in commercial dairy farms on milk yield, milk components yields, milk fat, protein, and 

MUN content and finally determine the IOFC.  
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Table 1. Nitrogen fractions, amino acids and RUP digestibility of main forages and 

concentrates used in dairy cow rations in the Midwest (Adapted from Table 15-2a of 

NRC 2001). 

 

 CP N Fractions, % CP Kd RUP Met Lys 

Forage % A B C % h of B Digest % % CP % CP 

Corn silage, 32-38% DM 8.8 51.3 30.2 18.5 4.4 70 1.53 2.51 

Grass silage, < 50% NDF 16.8 60.1 31.8 8.1 8.1 65 1.21 3.28 

Legume silage. 40-46% NDF 21.9 57.3 35.3 7.4 12.2 65 1.37 4.41 

Legume hay, 40-46% NDF 20.8 44.3 46.9 8.8 17.9 70 1.56 5.09 

Concentrates         

Soybean meal, 44% 49.9 22.5 76.8 0.7 9.4 93 1.45 6.28 

Soybean meal, 48% 53.8 15 84.4 0.6 7.5 93 1.44 6.29 

Soybean meal, expeller 46.3 8.7 91.3 0.0 2.4 93 1.45 6.27 

Corn gluten meal, dried 65.0 3.9 90.9 5.2 2.3 92 2.37 1.69 

Corn, DDG’s 29.7 28.5 63.3 8.2 3.6 80 1.82 2.24 

Cottonseed meal 44.9 25.6 55.5 18.9 6.8 92 1.59 4.13 

Canola meal 37.8 23.2 70.4 6.4 10.4 75 1.87 5.62 

Sunflower meal 28.4 42.0 52.8 5.2 29.2 90 2.29 3.56 

Linseed meal 54.2 18.1 48.2 33.7 7.2 60 1.40 5.18 
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Table 2. Reactions, overall energy requirement and overall equation of the urea 

cycle adapted from NRC (1976).  

 

Step Reactant Product Catalyzed by Location 

 2 ATP + HCO3- + NH4+ Carbamoyl phosphate  

+ 2 ADP + Pi 

Carbamoyl phosphate 

synthetase 

Mitochondria 

 Carbamoyl phosphate  

+ Ornithine 

Citruline + Pi Ornithine 

transcarbamylase 

Mitochondria 

 Citruline + Aspartate + 

ATP  

Argininosuccinate + 

AMP + PPi 

Argininosuccinate 

synthetase 

Cytosol 

 Argininosuccinate Arginine + Fumarate Argininosuccinate lyase Cytosol 

 Arginine + H2O Ornithine + Urea Arginase Cytosol 

 

Overall energy requirement 

NH3 + CO2 + Aspartate + 3 ATP + 2 H2O  Urea + Fumarate + 2 ADP + 4 Pi + AMP 

Overall equation of urea cycle 

2 NH3 + CO2 + 3 ATP + H2O  Urea + 2 ADP + 4 Pi + AMP + 2 H 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 44 

Table 3. Effects of dietary CP, urea and CP plus urea on milk production, milk 

components (% and yield), MUN and BUN by dairy cows. 

 

Reference Dietary CP 

 % DM 

Urea 

% DM 

MUN 

mg/dl 

BUN 

mg/dl 

Milk 

kg/d 

Fat 

% 

Fat 

kg/d 

Protein 

% 

Protein 

kg/d 

Broderick et al.  (2009) 16.1 0.0 6.77a 8.87c 39.3a 3.05 1.20 3.22 1.27a 

 16.1 0.41 7.45b 9.89c 38.6a 3.17 1.19 3.18 1.22b 

 16.0 0.84 8.13b 11.39b 38.5a 2.92 1.10 3.18 1.21bc 

 16.1 1.31 9.09a 12.78a 36.0b 3.05 1.11 3.18 1.17c 

          

Burgos et al. (2007)
2
 15.0 0.0 7.9a 8.2a 29.9 4.06 1.27 2.87 0.86 

 17.0 0.7 11.9b 12.9b 31.3 4.20 1.37 2.88 0.90 

 19.0 1.5 17.2c 18.6c 29.7 4.10 1.26 2.91 0.86 

 21.0 2.2 24.5d 25.8d 30.0 4.01 1.24 2.89 0.87 

          

Boucher et al. (2007)
3
 14.9 0.0 11.0a ... 33.9 3.11 1.05 2.84a 0.96 

 15.7 0.3 11.0a ... 30.7 3.06 0.95 2.76b 0.86 

 16.5 0.6 12.5b ... 34.6 3.17 1.01 2.79ab 0.96 

 17.3 0.9 13.2b ... 33.0 3.14 1.04 2.77b 0.91 

          

1
Least square means within the same column with different superscripts differ (P < 0.05).  

2
Means in the same column without common superscripts differ (P < 0.05). 

3
Least square means within the same column without a common superscript differ (P < 0.05). 
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Table 3. Continued... 

 

Reference Dietary CP 

 % DM 

Urea 

% DM 

MUN 

mg/dl 

BUN 

mg/dl 

Milk 

kg/d 

Fat 

% 

Fat 

kg/d 

Protein 

% 

Protein 

kg/d 

Olmos and Broderick (2006)
4
 13.5 ... 7.7d 10.7e 36.3a 3.14b 1.14 3.09 1.10 

 15.0 ... 8.5d 13.4d 37.2ab 3.27ab 1.20 3.15 1.15 

 16.5 ... 11.2c 17.1c 38.3a 3.27ab 1.24 3.09 1.18 

 17.9 ... 13.0b 21.2b 36.6b 3.47a 1.23 3.18 1.13 

 19.4 ... 15.6a 24.0a 37.0ab 3.44a 1.24 3.16 1.15 

          

Broderick (2003)
5
 15.1 ... 9.3c ... 33.0b 3.51 1.15b 2.99b 0.99b 

 16.7 ... 12.4b ... 34.1a 3.66 1.23a 3.03a 1.02a 

 18.4 ... 15.9a ... 34.1a 3.60 1.20a 3.02a 1.02a 

          

Wu and Satter (2000)
6
 15.4p … ... ... 36.9b 3.97 1.461b 2.92a 1.086b 

 17.4q ... ... ... 39.5a 4.05 1.601a 2.84b 1.128 

 19.3r ... ... ... 40.8a 3.94 1.626a 2.86 1.179a 

          

 15.4 – 16.0s ... ... ... 30.1b 4.06a 1.182 3.36a 0.972 

 16.0 – 17.4t ... ... ... 32.9 3.96 1.274 3.19b 1.028 

 17.4 – 17.9u ... ... ... 33.8a 3.98 1.297 3.12b 1.024 

 17.9 – 19.3v    33.5a 3.72b 1.203 3.23 1.050 

          

4
Means in the same column without common superscripts differ (P < 0.05) 

5
Least square means within the same column without a common superscript differ (P < 0.05). 

6
Values without superscript do not differ (P > 0.15) from other values within a row and within a 

lactation period.   

p,q,r
Values corresponds to dietary CP for lactation week 1 to 16 from Wu and Satter (2000)trial.  

s,t,u,v
Values corresponds to dietary CP for lactation week 17 to 44 from Wu and Satter (2000) trial. 
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Table 4. Factors influencing urea utilization adapted from Stanton et al. (2006). 

 

 OBSERVATIONS 

Source of readily available 

carbohydrates 

The single most important factor influencing the amount of 

urea a ruminant animal can use is the digestible energy or total 

digestible nutrients (TDN) content of the ration. Rations high 

in digestible energy (high grain) result in good urea utilization; 

those that are low in digestible energy (high forage) result in a 

lowered utilization of urea. The addition to a high forage 

ration of any feed that will increase TDN will improve urea 

utilization.  

 

Frequency of feeding urea A constant or continuous intake of urea will improve its 

utilization over abrupt or periodic intake. 

Level of urea fed Low levels of urea are utilized more efficiently and with less 

problems than high levels. 

Adequate supply of 

phosphorus, sulfur and 

trace minerals 

Substitution of urea for natural protein sharply changes the 

quality and quantity of minerals available for ruminal bacteria 

and cattle. Although needed only in small quantities, these 

elements are necessary building blocks for microbial protein 

synthesis. 

Solubility of proteins Natural proteins such as soybean meal and cottonseed meal 

have different solubility or rates of hydrolysis in the rumen. 

The more soluble the protein, the more rapidly it is hydrolyzed 

to ammonia in the rumen. For this reason, some natural 

proteins may be more competitive with urea. 
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Table 5. Effect of urea or Optigen
®
 on fermentation and N flow in rumen simulating 

fermentors (Harrison et al., 2007). 

 Urea
2
 Optigen

2®
 SE P

1
 % change 

Number of Experiments 17 17    

Numbers of cultures 59 59    

      

pH
3
 6.37 6.36 0.017 0.71 - 0.1 

Total VFA 73.01 76.36 1.8 0.07 4.6 

A:P ratio 3.21 3.40 0.05 0.0020 4.6 

Ammonia
3
, mg/dl 6.24 7.34 0.17 < 0.0001 17.6 

      

True DM Digestibility, % 62.0 62.8 0.45 0.08 1.3 

NDF Digestibility, % 45.2 45.5 0.95 0.64 0.6 

      

Bacterial N, g/day 0.338 0.355 0.009 0.02 5.0 

g Bact N / kg DMTD 24.2 24.6 0.28 0.15 1.7 

Feed N converted to bact N, % 70.7 72.4 1.6 0.05 2.4 

1 
Probability of no difference between urea and Optigen

®
 cultures.  

2
 Urea and Optigen

®
 added to cultures at equal NPN levels within each experiment.  

3
 Culture fluid pH and ammonia measured prior to morning feeding. 
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Table 6. Preliminary field observations on Optigen
®
 (Siciliano-Jones, 2005) 

  

Dose per cow (g) Duration of 

feedings (days) 

Number of 

cows 

Location Toxicity 

250 30 440 Western New York None 

300 30 120 Western New York None 

450 30 120 Western New York None 

230 60 130 Western Pennsylvania None 

230 60 180 Northern New York None 

340 30 120 Western New York None 

180 60 65 Eastern New York None 

230 60 75 Northern New York None 

0.23 60 200 Pennsylvania None 

0.34 60 200 Pennsylvania None 
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Table 7. Extended chemical scores of protein sources in relationship to milk 

protein
1
. 

Protein source His Phe Leu Thr Met Arg Val He Trp Lys 

Blood Meal 100 100 93 86 45 33 70 10 76 91 

Fish Meal 77 69 58 68 100 59 59 47 71 80 

Feather Meal 11 59 66 59 23 32 38 32 29 13 

Meat Meal 67 65 46 59 49 76 51 36 39 58 

Meat and Bone Meal 64 64 46 59 49 76 48 36 32 55 

Corn Gluten Meal 67 100 100 60 100 36 48 40 30 18 

Alfalfa meal, dehydrated 69 100 55 80 60 50 66 51 100 46 

Brewers grain 56 100 83 65 78 53 65 74 87 34 

Distillers grain w/solubles 74 84 72 63 81 42 53 38 45 24 

Soybean meal 89 100 56 74 56 89 60 55 75 70 

Microbes 90 97 54 100 97 79 66 61 99 100 

1
Santos et al. (1998) adapted from Chandler (1989) and calculated as follow: (percentage of AA in 

feed protein/ percentage of AA in milk protein) x 100. A score of 100 is the maximum allowed for 

each value. 
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Table 8. Ranking of protein sources in relationship to milk protein
1
. 

Protein source Met Lys Met + Lys 

Microbes 97 100 197 

Fish meal 100 80 180 

Blood meal 45 91 136 

Soybean meal 56 70 126 

Corn gluten meal 100 18 118 

Brewers grain 78 34 112 

Meat meal 49 58 107 

Alfalfa meal, dehydrated 60 46 106 

Distillers grains w/solubles 81 24 105 

Meat and bone meal 49 55 104 

Feather meal 23 13 36 

1
Santos et al. (1998) adapted from Chandler (1989) and calculated as follows: (percentage of AA in 

feed protein/ percentage of AA in milk protein) x 100. A score of 100 is the maximum allowed for 

each amino acid value. 
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Table 9. Average of microbial crude protein (MCP) variation and ranges according 

to the type of diets (Karsli and Russell, 2001). 

  

Average g MCP/100 g OM Range Type of Diet Nr Studies 

13.0 7.5 – 24.3 Forage based 34 

17.6 9.1 – 27.9 Forage – Concentrate Mix 34 

13.2 7.0 – 23.7 Concentrate based 14 
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Table 10. Guideline for interpreting whole herd MUN values from bulk tank milk 

(Ishler, 2008) 

 

Milk Urea Nitrogen 

(MUN) 

Comment* Suggestions 

< 8 mg/dl Low Consider MUN as too low if production is less than 70 

lbs. and the herd rations are not formulated for low 

protein (i.e. 16%). For TMR-fed herds, send out an 

analysis to confirm protein level. For component-fed 

herds and TMR-fed herds, use DHIA to evaluate 

individual cows and groups of cows. Evaluate protein and 

carbohydrate sources. 

 Okay If production is greater than 70 lbs, and the ration is 

formulated for low protein and well balanced for protein 

and carbohydrates, then the MUN may be okay. 
8 – 10 mg/dl Slightly low If the ration is not formulated for low protein and milk 

production is less than 70 lbs, then there may be some 

feed management problems and/or ration program issues 

to address. 

 Okay If production is greater than 70 lbs, and the ration is 

formulated for low protein and well balanced for protein 

and carbohydrates, then the MUN may be okay. 

12-14 mg/dl Slightly high If the ration is formulated for low protein and there are no 

feed management issues, then closely evaluate the protein 

fractions (especially soluble protein) and the level and 

sources of nonstructural carbohydrates. 
 Okay If the ration is formulated for high levels of protein 

(>17.0%) and there is only one cereal grain source being 

fed, then the MUN level may be okay. However, there 

may be opportunities to lower the protein level to reduce 

N excretion. 

>14 mg/dl High For TMR-fed herds, send out for analysis to confirm 

protein level. For component-fed herds and TMR-fed 

herds, use DHIA to evaluate individual cows and groups 

of cows. Evaluate protein and carbohydrate sources. 

Evaluate feed management practices, e.g. sorting. 

 Not recommended If the ration is formulated for high levels of protein 
(>17.0%), high levels of degradable protein and/or 

inadequate starch or sugar sources, then the animal is not 

efficiently using N and excessive levels of N are being 

excreted. 

*Comments and suggestion are based on field observations and do not address every possible 

explanation for the MUN level being observed. 
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Table 11. The 2 X 2 crossover design (COD). 

  

 

 

SEQUENCE 

PERIOD 

I  

 

 

II 

1 A B 

2 B A 
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Table 12. The power procedure - Fixed scenario elements to compute number of 

pairs of dairy farms utilizing SAS (2008). 

 

FIXED SCENARIO ELEMENTS 

Distribution
1
 Normal 

Method
1
 Exact 

Number of Sides
1
 1 

Alpha
1
 0.05 

Standard Deviation for Milk Yield 2.9 

Standard Deviation for Protein % 0.11 

Standard Deviation for Fat % 0.34 

Nominal Power
1
 0.8 

Correlation for Milk Yield 0.5 

Correlation for Fat and Protein % 0.2 

1
 Values for milk yield, fat % and protein %. 
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Figure 1. Schematic diagram of the urea cycle adapted from Krebs and Henseleit 

(1932), Shambaugh (1977), and Jackson et al., (1986). 
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Figure 2. Diagram showing the microbial protein absorption into the small intestine. 
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Figure 3. In situ release of nitrogen from several potential nitrogenous substrates in 

the rumen. Substrates included soybean meal  (SBM), distillers grains, a by-pass 

amino acid source (Amino Plus), urea and six different batches of Optigen
®

 

(Siciliano-Jones, 2005). 
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Figure 4. Comparative in situ crude protein digestion of Optigen
®
 1200, soybean 

meal and urea (Akay et al., 2004). 
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Figure 5. Calculated crude protein degradability. Adapted from García-González et 

al., (2007) and NRC (2001).   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 60 

 
 
Figure 6. Diagram of utilization of protein and carbohydrate by rumen bacteria 

adapted from Nocek and Russell (1988).  
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ABSTRACT 

 

The objective of this field trial was to determine the effect of Optigen® (blended, 

controlled-release urea), as a source of dietary nitrogen, on milk yield, composition and 

component yields in commercial Wisconsin dairy herds. The number of lactating cows 

within herd averaged 148 cows ranging from 58 to 550 cows across the 16 trial herds. 

Within herd, cows were fed a single-diet as a total mixed ratio (TMR). Control TMR 

(CON) for each herd was formulated by the herd nutritionist according to production 

level. The treatment TMR (OPT) for each herd contained 114 g/cow/d Optigen® 

replacing an equivalent amount of supplemental crude protein (CP), primarily from 

soybean meal, to provide iso-nitrogenous control and treatment TMR. Diet formulation 

space created by the use of Optigen® was filled with dry matter (DM) from either corn 

grain or corn silage at the discretion of the herd nutritionist in the treatment TMR. Across 

the 16 trial herds, TMR contained 56±3% forage comprised of 43±9% corn silage and 

were formulated for 17.1±0.4% CP and 30.5±1.7% neutral detergent fiber (NDF) as a 

DM basis. Herds were randomly assigned to either OPT-CON or CON-OPT treatment 

sequence in a crossover design with two 30-d feeding periods. Records of weight and 

composition (fat, protein) and milk urea nitrogen (MUN) of bulk tank milk shipments 

were obtained for each herd over the 60-d trial. The numbers of cows with milk in the 

bulk tank for each shipment were recorded for each herd over the 60-d trial. Average per 

cow daily milk yield and component yields were then calculated. Data were analyzed 

using the mixed model procedure of SAS with period, sequence and treatment as fixed 

effects and herd as a random effect.  
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Milk yield was 0.5 kg/d/cow greater (P < 0.01) for OPT than for CON. Under the 

conditions of this study, Optigen® (114 g/cow/d) was an effective iso-nitrogenous 

replacement for soybean meal in lactating dairy cow diets. 

 

 

Key Words: Milk yield, dairy cows, controlled-release urea. 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 



 64 

 

INTRODUCTION 

 

Attempts to achieve slow release of NPN in ruminants have varied not only in 

method, but also in degree of success. Urea coated with different substances has been 

utilized. Past research efforts to match ruminal ammonia and energy availability include 

combinations of urea and starch (Deyoe et al., 1968), urea and cellulose (Conrad and 

Hibbs, 1968), and urea and fatty acids (United, 1977). However, most products have 

either released ammonia too rapidly or bound the nitrogen too tightly thereby limiting 

ammonia availability (Males et al., 1979). Owens (1980) observed that a coated product 

released ammonia slowly, enhancing the acceptability of urea containing diets and 

reducing urea toxicity. A slow release urea product should be useful to reduce toxicity, 

enhance acceptability of supplements and use of urea, and improve performance in 

ruminant species. In 2005, Alltech (2009) developed a biodegradable blended controlled-

release NPN product (Optigen®) using a mixture of Vegetable Oil, Beta Carotene, BHT 

and Citric Acid to coat individual non-protein nitrogen prills.  

 

The objective of this field trial was to determine the effect of Optigen® (blended, 

controlled-release NPN), as a source of dietary nitrogen, on milk yield, protein and fat 

composition and component yields, and milk urea nitrogen (MUN) in commercial 

Wisconsin dairy herds. 
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MATERIALS AND METHODS 

 

Dairy Farms and Cows  

 

The number of lactating Holstein dairy cows within herd averaged 148 cows 

ranging from 58 to 550 cows across the 16 trial commercial herds. All of the cows were 

in second lactation or greater. Eight collaborating nutritionists from two different 

nutrition companies in Wisconsin identified 16 trial herds out of thirty dairy farms that 

were willing to participate in this commercial dairy field trial. The participating herds 

were paired by location, production level, percentage of corn silage (DM basis) in the 

diet, and number of cows. We performed a power analysis for a crossover design using 

the POWER procedure (Paired t test for mean difference) from SAS (2008) to estimate 

the number of herds required to detect a statistical significant difference with an alpha of 

0.05 and beta of 0.80.  

 

Experimental Design and Treatment Diets 

 

The 16 dairy herds were randomly assigned to treatments in a crossover design 

with 30-d periods using the herd as experimental unit. Tempelman (2009) stated that, 

“The experimental unit is the smallest unit to which and individual treatment is imposed.  
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For group-fed animals, the group of animals in the pen or the paddock is the 

experimental unit; therefore, groups must be replicated” (Excerpted from The Journal of 

Dairy Science in its Instruction to Authors). In a crossover design, treatment sequences 

are randomly allocated to each experimental unit or subject. The reduction in variability 

from taking multiple measurements on a subject allows for more precise treatment 

comparisons (SAS, 2008). The simplest design is the AB/BA crossover, in which each 

subject, in our case the dairy farm, receives each of two treatments in a randomized order. 

Therefore, the dairy farm may be used as an experimental unit in commercial dairy field 

trials, since it fulfills the basic requirements for randomization and replication. Thus, for 

each farm, we had a total of 60 observations on milk production and composition; 30 

observations for the first period and 30 observations for the second period.  

 

Two treatment sequences were used in the trial, Control-Optigen® (CON-OPT) 

and Optigen®-Control (OPT-CON). Herds were randomly assigned to either the CON-

OPT or OPT-CON treatment sequences in a crossover design with two 30-d feeding 

periods (Figure 1). Treatment sequences were randomly allocated to herds within each of 

the eight herd pairs. This randomization scheme resulted in a balanced row (period)-

column (sequence) crossover design. Each of the two sequences (CON-OPT and OPT-

CON) was presented with equal frequency (8 occurrences) in each period to avoid 

confounding the period and treatment effects. Thus, the same numbers of farms were 

allocated to both groups, providing the maximum information per experimental unit, and 

equivalently the smallest sampling variances.  
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Each farm was assigned to their experimental diet for a 30-d period. Within farm, 

cows were fed a single-diet TMR. Control TMR (CON) for each herd was formulated by 

the herd nutritionist according to production level. The treatment TMR (OPT) for each 

herd contained 114 g/cow/d Optigen® replacing an equivalent amount of supplemental 

CP, primarily from soybean meal, to provide iso-nitrogenous control and treatment TMR. 

The product was provided by Alltech Inc. to the farms. Diet formulation space created by 

the use of Optigen® was filled with DM from either corn silage, high moisture shelled 

corn or corn grain at the discretion of the herd nutritionist in the treatment TMR. Across 

the 16 trial herds, TMR contained 56 ± 3% forage comprised of 43 ± 9% corn silage and 

were formulated for 17.1 ± 0.4% CP and 30.5 ± 1.7% NDF (DM basis).  

 

TMR Sample Protocol and Analysis 

 

Milk yield and composition for each bulk tank or tanker shipment were recorded 

along with the number of cows contributing to each shipment from an on-farm log. Data 

was collected for each farm in each treatment period everyday. Records of milk yield and 

composition (fat, protein, and MUN) of bulk tank milk shipments were obtained for each 

herd over the 60 d trial from April 2008 to June 2008. Average per cow daily milk yield 

and component yields were then calculated.  
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The largest error in feed analysis is improper sampling methods on the farm 

(Undersander et al., 2005). The TMR was sampled at the start of the trial and every 30-d 

thereafter. Samples of the TMR for wet chemistry analysis were sent to Dairy One Labs 

(Ithaca, NY) for the following nutrients: dry matter (DM), crude protein (CP), soluble 

protein (SP), neutral detergent fiber (NDF), acid detergent fiber (ADF), fat, starch, sugar, 

non fiber carbohydrates (NFC), total digestible nutrients (TDN; 2001 NRC summative 

energy equation), net energy for lactation (NEL), Ca, P, K, Na, and sulfur. Split samples 

were sent to Alltech’s Lab (Brookings, SD) to run in vitro gas production and to 

Dairyland Laboratories (Arcadia, WI) for additional analysis of CP and NDF by wet 

chemistry procedures. The nutrient analysis of feed ingredients used by the nutritionists 

in their diet formulations was obtained. 

 

Statistical Analysis 

 

Data were analyzed using the mixed model procedure of SAS (2008) with period, 

sequence and treatment as fixed effects and herd as a random effect. All measurements of 

this trial were condensed to monthly means across the 30 d to get one value for each farm 

for each 30 d period. When running long-term lactation studies, it may be useful to use 

weekly averages with week as a repeated measure to test for week by treatment effects. 

However, with short-term studies, repeated measures may not be as meaningful as the 

average over the period and repeated measures also adds complexity to the analysis. 

 

 



 69 

If a treatment was significant in the model, differences between treatment least 

squares means were determined using SAS (2008) with statistical significance declared at 

P < 0.05 and trends at P > 0.05 to P < 0.10.  

 

The model used for the lactation performance data was: (complete the model 

description below) 

 

Yijk = µ + seqi + farmij + perk + trth + eijk 

where, 

µ = Overall mean effect 

seqi = Effect of the ith sequence (i = 1,2) 

farmij = Random effect of the jth farm on the ith sequence (j = 1 to 16) 

perk = Fixed effect of the kth period (k = 1,2) 

trth = Fixed effect of the hth treatment (h = 1,2); being a function of i and k) 

eijk = Random residual error 
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RESULTS AND DISCUSSION 

  

Diet Composition 

 

Ingredient and nutrient composition of experimental diets (mean ± standard 

deviation) are presented in Tables 1 and Table 2, respectively. The forage to concentrate 

ratio was 55.5% forage: 44.5% concentrate for the control diet and 56.0% forage: 44.0% 

concentrate for the treatment diet (DM basis). Dry matter content of formulated control 

diets averaged 53.7 ± 3.9% and for formulated treatment diets the average was 53.2 ± 

5.1%. Dietary CP concentrations were similar for both formulated rations, averaging 17.1 

± 0.4%. However, chemical analysis from Dairy One Labs (Table 3) showed higher CP 

concentrations for control and treatment samples with 18.2 ± 0.9% and 18.4 ± 0.7% (DM 

basis), respectively. A similar trend was observed for the chemical analysis from 

Dairyland Laboratories (Table 4) with 17.9 ± 0.8% CP for the control samples and 18.1 ± 

0.6% CP for treatment samples (DM basis). The NRC (2001) recommended CP 

minimums between 15.2% and 16.7% (DM basis) for mid lactation cows (> 12 weeks 

relative to calving).  Formulated dietary ADF concentrations averaged 19.9% for control 

and 20.0% for treatment diets, while dietary NDF concentrations averaged 30.5% and 

30.4% for control and treatment diets, respectively (DM basis). Formulated NFC 

composition averaged 39.8 ± 2.2% for the control diet and 40.1 ± 2.4% for treatment diet 

(DM basis).  
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Chemical analyses from Dairyland Laboratories showed similar values for NDF 

(28.6 ± 2.1% for control samples and 29.2 ± 2.0% for treatment samples) and also for 

NFC averaging 41.5 ± 2.5% for control and 40.4 ± 2.0%for treatment samples (DM 

basis). Formulated dietary starch content averaged 25.3 ± 2.2% for control and 26.2 ± 

2.0%for treatment diets, respectively (DM basis). Lower values were found in the Dairy 

One Labs analysis where starch content averaged 23.0 ± 2.9% for control and 22.6 ± 

4.6% for treatment diets, respectively (DM basis). Finally, diets were formulated to be 

similar in content of NEL (1.69 ± 0.08and 1.68 ± 0.09 Mcal/kg for control and treatments 

diets, respectively), while calculated NEL from TMR chemical analysis were slightly 

lower (1.65 ± 0.04and 1.64 ± 0.04 Mcal/kg for control and treatment diets, respectively 

(DM basis).  

 

Large differences observed for NDF and NFC values between Dairy One Labs 

and Dairyland Laboratories were possibly due to the presence or absence of sodium 

sulfite in their NDF procedure, which causes greater NDF values and consequently lower 

NFC values. If one laboratory measures NDF using sodium sulfite but while another 

laboratory does not, the NDF concentrations will differ between laboratories (St-Pierre 

and Weiss, 2009). Nutrient and chemical composition of experimental diets (mean ± 

standard deviation) when soybean meal 48% was replaced by 114 grams of Optigen® and 

the space was filled with corn silage are presented in Table 5. The DM content averaged 

50.2 ± 5.3% and 53.6 ± 5.6%, for control and treatment diets, respectively.  

 

 



 72 

Dietary CP concentrations averaged 17.6 ± 0.9% for the control diet and 18.2 ± 

0.6% percent the treatment ration diet. Soluble CP was higher on treatment diet averaging 

52.5 ± 5.6% of CP, and 47.5 ± 6.6% of CP for the control. This can be explained by the 

partial replacement of soybean meal with Optigen® in the treatment diet. Starch content 

was also higher in treatment diets on average, and possibly due to an increase of 2.2% of 

corn silage in the diet (DM basis) to fill the space. The NEL (Mcal/kg) contents were 

identical for treatment and control diets averaging 1.65 ± 0.02 Mcal/kg DM. 

 

Nutrient and chemical composition of experimental TMR diets (mean ± standard 

deviation) when soybean meal 48% was replaced by 114 grams of Optigen® and the 

space was filled with high moisture shelled corn and corn grain ground are presented in 

Table 6 and Table 7 respectively. The quality of forages included in control and 

treatment diets are presented in Table 8.  

 

Milk Yield and Composition 

 

Response variables evaluated were yields of milk, fat percentage and yield, 

protein percentage and yield, and MUN. Least square means for the effect of Optigen® 

supplementation on production responses are shown in Table 9. Milk yield was 0.5 kg/d 

greater (P < 0.01) when Optigen® was supplemented at approximately 114 g/cow/d. 

Other researchers (Tikofsky, 2007, Varga and Ishler, 2008) reported a  milk yield 

response when formulating dairy diets with Optigen® . In a field study, Tikofsky and 

Harrison (2007) reported an increase of 1.6 kg/cow/d on a dairy in Central Kentucky. 
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Cows were fed a similar ration consisting of mixed hay, corn silage, alfalfa silage, 

soybean meal, soy hulls, shelled corn and mineral premix. The ration was reformulated to 

include 125 g/cow/d of Optigen®. Other changes in ration ingredients included reductions 

in distillers grains and alfalfa haylage inclusion and increases in corn silage and soy hull 

inclusion. These changes in the formulation resulted in a treatment diet that contained 

higher dry matter (59.6% vs. 50.5%) starch (24.3% vs. 23.1%) contents, and lower NDF 

(30.8% vs. 35.6%), and CP (15.9% vs. 17.9%) contents (DM basis). 

 

In addition, Varga and Ishler (2008) observed a numerical increase (P = 0.11) of 

1.2 kg/d in milk yield when the Optigen® was fed to dairy cows. The researchers used a 

completely randomized block design with two treatments and 60 cows per treatment. 

Cows were blocked by production average, lactation number, and days in milk. The 

duration of the trial was 90 d. Diets were reformulated with 112 g/d/cow Optigen® by 

increased levels of corn silage and ground corn in the diet and decreasing levels of canola 

meal and heat-treated SBM. De Almeida et al. (2009) concluded that there was no 

detectable treatment effect (P = 0.16) on milk yield, although yield was numerically 

greater with Optigen® (39.4 versus 36.9 kg/d at d 30 and 38.1 kg/d versus 36.4 at d 60 of 

treatment). The study evaluated the effects of partial replacement of soybean meal with 

Optigen® on milk yield and composition. Thirty-four lactating Holsteins were blocked by 

milk production, lactation number and DIM. Data was analyzed with the mixed 

procedure of SAS. No detectable treatment effects were found for milk composition, 

MUN, and SCC either. 
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In our study, yields of milk fat and protein and milk protein percentage were 

unaffected  (P > 0.10) by treatment. We did, however, observe a trend (P = 0.07) for a 

lower milk fat content when herds were fed Optigen®.  Varga and Ishler (2008) reported a 

numerical  reduction milk fat percentage (P  > 0.10  when cows were fed  Optigen®. A 

study conducted by Akay et al. (2004) with a similar slow-release coated urea product 

showed  similar results. Diets that contained the urea product increased (P < 0.01) milk 

yield 3.7 kg/d, decreased (P < 0.01) milk fat and protein percentages, and increased (P < 

0.01) fat and protein yields. The author attributed the response to a combination of 

improved bacterial protein synthesis and availability of greater concentrations of 

degradable carbohydrates. A dairy field trial reported by Tikofsky and Harrison (2007) 

showed a milk yield response of 1.8 kg/d when 100 grams of Optigen® was included in 

diets to replace unprotected urea. This trial was done in a 120-cow commercial herd in 

Ohio. Milk yield and DMI were observed over 30 d and the researchers attributed the 

response to maximizing rumen function through the consistent supply of NPN from 

Optigen® increasing both microbial yield and efficiency. 

 

Chalupa (2007) reported that Optigen® influenced ruminal fermentation, 

increasing and improving microbial efficiency and growth. In continuous culture 

fermentors, Optigen® increased microbial yield by 5% (Chalupa, 2007). The CPM-Dairy 

(Chalupa and Sniffen, 2006) was used to simulate the impact of improved microbial 

growth on nitrogen excretion (0.232 g/d for OPT versus 0.220 g/d for CON). Capture of 

dietary nitrogen in ruminal microbes with dietary Optigen® increased by 5%.  
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This increased microbial growth led to 6% more nitrogen in milk with a decrease 

of 7% in urinary nitrogen excretion reducing ammonia emissions. An increase in milk 

production of 1.8 kg/cow/day was also reported by Chalupa and Sniffen (2006). 

Maximizing the ruminal production of microbial protein may be one of the theories that 

explain increased in milk production with the use of slow-release controlled urea. 

Efficiency of microbial growth is usually expressed as grams of microbial protein per 

gram of fermentable carbohydrate or fermentable DM (Chalupa, 2007). Tikofsky and 

Harrison (2007) reported an increase (P < 0.10) in bacterial N yields when cultures were 

fed with Optigen® versus urea. This increase was 29% when 50 grams of Optigen® was 

fed and 60% greater yields compared with urea when 150 grams of Optigen® were fed to 

the cultures. 

 

The difference in milk production might be explained by the slow-release 

characteristics of Optigen®. Figure 2 shows in situ nitrogen disappearance of Optigen® as 

compared with that of urea and soybean meal, and it was observed that its nitrogen 

disappearance pattern in the rumen is similar to that from soybean meal but different 

when compared with urea (García-González et al., 2007).  

 

As a result, Optigen® is an NPN source that is available to the ruminal ecosystem 

at a slow rate (Siciliano-Jones, 2005). While the idea of using Optigen® to better 

synchronize protein and carbohydrate availability in the rumen continues to be examined, 

it may have a practical benefit in dairy cow rations. Optigen® has a CP equivalent (CPE) 

of 256% on a dry matter basis (41% N x 6.25).  
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This allows nutritionists to safely increase CP density of the supplemental CP, 

thereby creating space for other critical nutrients, such as digestible fiber or non-fiber 

carbohydrates. Owens (1980) demonstrated that; 1) SRU achieved more uniform release 

of ammonia-nitrogen into the ruminal fluid than prilled urea, and 2) SRU was unlikely to 

produce toxic ruminal ammonia levels. Palmer et al. (2007) concluded that Optigen® was 

estimated to have a lower level of quickly degraded nitrogen compared with SBM 

(Figure 3). In situ nitrogen disappearance from diets containing soybean meal (SBM) or 

150 g of Optigen® to replace a portion of SBM and a fitted model Ørskov (Orskov et al., 

1980, Ørskov et al., 1980, Ørskov and McDonald, 1979) are presented in Figure 4. 

 

García-González et al. (2007) reported that over 75% of the NPN supplied in 

Optigen® was available in the rumen within the first 8 h of incubation, while ruminal and 

plasma ammonia and urea-N concentrations were lower than those in steers supplied with 

urea (Figure 5A and 5B respectively). The rate of diffusion is a function of coating 

integrity and may be varied in a predictable manner (Siciliano-Jones, 2005). 

 

Nitrogen and carbohydrates are the major nutrients that support microbial growth 

(Figure 6), but the quantity and composition of these nutrients is hardly constant 

(Harrison and Karnezos, 2005). Golombeski (2006) observed that the addition of highly 

fermentable sugars in combination with a slow-release nitrogen source reduced intake 

without affecting milk production which improved feed efficiency. From the same study, 

milk fat percentage was unaffected by the addition of slow-release urea which was in 

accordance with the study (Galo et al., 2003).  
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Replacement of soybean meal with slow-release NPN did not alter true protein 

percentage or yield, demonstrating that it can be an alternative source of N in dairy cow 

diets without causing inefficient use of N (Golombeski et al., 2006). Data obtained in a 

experiment conducted by Forero et al. (1980) indicated that a slow-release urea product 

improved palatability of urea-containing supplements and effectively slowed ammonia 

release from urea. 

 

By increasing the CPE density of the protein supplements used in our study, diet 

formulation space was created which allowed the nutritionists to feed more forage or 

grain. With a reduced RUP in the Optigen® diets compared to control (refer to Table 2), 

and having created this space in the diet for more rumen degradable carbohydrates, 

bacterial protein synthesis might have improved which could explain the greater milk 

yield observed in our trial. Some observations suggest that feeding urea hourly to 

simulate slow release may increase the synthesis of microbial protein due to a better 

synchronization with carbohydrates (Males et al., 1979, Rush et al., 1976). Because 

hourly feeding of a supplement is an impractical management procedure, efforts have 

been intensified to find an ideal controlled release urea product. Henning et al. (1993) 

suggested that such a product should ensure that the total amount of ruminally available 

N is sufficient for the total amount of carbohydrate expected to be available in the rumen 

each day. 
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MUN was affected by treatment (P < 0.01) averaging 12.4 and 13.2 mg/dl for 

control and Optigen® treatment, respectively. These MUN values are in the normal range 

established by researchers and the industry of between 10 and 14 mg/dl (Ishler, 2008, 

Wattiaux, 2005), and thus was probably not physiologically significant. Higher MUN 

when herds were fed Optigen® may have been related to the slightly higher diet CP 

content observed when it was fed. Varga and Ishler (2008) found the same results and 

reached the same conclusion regarding MUN in their study, where MUN increased (P < 

0.01) from 8.6 mg/dl for the control to 9.8 mg/dl for the Optigen® treatment.  

 

The single dietary factor most closely associated with MUN is dietary CP. Energy 

intake, especially rumen available energy needed to capture rumen available N, is another 

factor that influences MUN. Wattiaux (2005) suggested that, under common feeding 

conditions of the Midwest USA, MUN values of approximately 12 mg/dl are associated 

with a diet of approximately 16.5% of CP, was an optimal situation that does not penalize 

milk production, but avoids unnecessary losses of urinary nitrogen. Although dairy cows 

use feed CP with great efficiency, they still secrete 2-3 times more N in manure than they 

secrete in milk. In feeding trials with cows receiving diets formulated from typical 

Midwest USA ingredients there were no increases in yields of milk and protein with more 

than about 16.5% dietary protein (Broderick, 2006). Data from a trial conducted by 

Broderick (2003) clearly showed that, over-feeding CP decreases the efficiency of 

capture of protein into milk protein with a corresponding increase in excretion of urea 

nitrogen in urine, and showed no differences in milk production when diets were 

increased from 16.7% to 18.4% of CP.  
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CONLUSIONS 

 

Milk yield was 0.5 kg/d greater (P < 0.01; 35.9 vs. 35.4 kg/d) when commercial 

WI dairy herds were fed 114 g/cow/d Optigen® than when they were not fed Optigen® in 

diets formulated to be iso-nitrogenous. Milk fat percentage tended (P < 0.07) to be lower 

when the herds were fed Optigen®, but the numerical difference between the treatments 

was small (3.69% vs. 3.72%). Milk fat yield and milk protein percentage were unaffected 

by treatment. A 10 g/cow/d increase in milk protein yield when the herds were fed 

Optigen® approached a trend (P < 0.13). Milk-urea nitrogen was greater (P < 0.01) when 

the herds were fed Optigen®, but only by 0.8 mg/dL and both control and treatment 

average MUN values fell within the normal expected range for high-producing dairy 

herds. Under the conditions of this study and with Optigen® fed at 114 g/cow/d, it was an 

effective partial substitute for soybean meal as an RDP source when diets were 

formulated to be iso-nitrogenous. Results indicate that Optigen® can be an alternative 

RDP source in diets for lactating dairy cows when the economics of supplementation are 

favorable. The crossover design with herd as the experimental unit appears to be a 

feasible approach for evaluating the efficacy of feed additives on commercial dairy 

farms. 
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Table 1. Ingredients of Control (CON) and Optigen® (OPT) TMR diets1 formulated 

by the nutritionists. 

 CON OPT 

Item % of DM 

   

Forage 55.5 56.0 

Corn Silage 23.1 24.2 

Alfalfa Silage 28.0 27.3 

Other Forage2 4.4 4.5 

   

Concentrate 44.5 44.0 

Corn Grain Ground 9.0 8.5 

High Moisture Corn 13.3 14.6 

Soybean Meal 48% 3.5 1.7 

Other Plant Protein3 3.5 3.5 

Animal Protein4 0.8 0.8 

High Fiber By-products5 9.4 9.2 

Min/Vit/Additive Mix6 5.0 5.7 

   

1 Values are means of the 32 diets used during the trial. OPT diet contained 114 grams 
(0.25 oz) of  Optigen ®. 
2 Most common ingredients used during the trial were: balage, hay, and wheat straw. 
3 Most common ingredients used during the trial were: expeller meal, cottonseed meal, 
soy plus, distillers grains, wet distillers grains, corn gluten meal, roasted soybeans, and 

vita soy. 
4 Most common ingredients used during the trial were: pork blood meal, fishmeal, meat, 

and bone pork. 
5 Most common ingredients used during the trial were: peas and oats, corn gluten feed, 
soybean hulls, beet pulp ground, citrus pulp, cottonseed fuzzy, and whole cottonseed. 
6 Most common minerals used during the trial were: Dynamate (18%K, 11% Mg, 22% 
S), Magox 54%, calcium carbonate 38%, monocalcium phosphate 21%, dicalcium 

phosphate 18.5%, salt, sodium sesquicarbonate, bicarbonate of soda, and trace minerals 
Se, Zn, Cu, Mn, and Co. Most common vitamins were: Vitamin A 30000, Biotin 1%, and 
Vitamin E 20000. Additives most used were: yeast, mannan oligosaccharides, Megalac®, 

Rumensin® and Omnigen-AF. Included 114 grams of Optigen® (0.25 oz). 
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Table 2. Nutrient composition of Control (CON) and Optigen® (OPT) TMR diets1 

formulated by the nutritionists. 

 CON OPT 

Nutrient % of DM 

   

DM, % 53.7 ± 3.9 53.2 ± 5.1 

CP, % 17.1 ± 0.4 17.1 ± 0.4 

Soluble CP, % of CP 34.1 ± 3.1 36.6 ± 3.4 

RUP, % of CP 35.9 ± 1.9 34.8 ± 2.3 

RDP, % of CP 64.1 ± 1.9 65.2 ± 2.3 

NEL, Mcal/kg 1.69 ± 0.08 1.68 ± 0.09 

NDF, % 30.5 ± 1.3 30.4 ± 2.0 

ADF, % 19.9 ± 0.8 20.0 ± 1.0 

Forage NDF, % 23.1 ± 1.1 23.4 ± 1.2 

NFC, % 39.8 ± 2.2 40.1 ± 2.4 

TDN, % 72.9 ± 2.5 72.6 ± 2.7 

Starch, % 25.3 ± 2.2 26.2 ± 2.0 

Sugar, % 3.5 ± 0.8 3.2 ± 0.8 

Fat, % 4.8 ± 0.7 4.9 ±0.8 

Ca, % 1.0 ± 0.1 1.0 ±0.1 

P, % 0.4 ± 0.02 0.4 ± 0.02 

Na, % 0.4 ± 0.1 0.4 ± 0.1 

K, % 1.4 ± 0.1 1.4 ± 0.1 

Sulfur, % 0.2 ±0.02 0.2 ± 0.02 

   

1 Values are mean ± standard deviation of 32 diets used during the trial. 
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Table 3. Chemical composition of Control (CON) and Optigen® (OPT) TMR 

samples1 analyzed at Dairy One Labs (Ithaca, NY). 

 CON OPT 

Nutrient % of DM 

   

DM, % 50.5 ± 3.9 50.8 ± 5.0 

CP, % 18.2 ± 0.9 18.4 ± 0.7 

Soluble CP, % of CP 49.8 ± 7.0 52.5 ± 5.3 

NEL, Mcal/kg 1.72 ± 0.04 1.69 ± 0.06 

NDF, % 33.6 ± 1.8 35.4 ± 2.8 

ADF, % 22.7 ± 2.1 23.6 ± 2.9 

NFC, % 37.4 ± 2.1 34.7 ± 2.9 

TDN, % 72.6 ± 1.4 71.4 ± 1.9 

Starch, % 23.0 ± 2.9 22.6 ± 4.6 

Sugar, % 2.9 ± 0.7 3.3 ± 0.8 

Fat, % 5.6 ± 0.7 6.0 ± 1.0 

Ca, % 1.0 ± 0.1 0.9 ± 0.1 

P, % 0.4 ± 0.03 0.4 ± 0.04 

Na, % 0.4 ± 0.1 0.3 ± 0.1 

K, % 1.5 ± 0.2 1.5 ± 0.3 

Sulfur, % 0.2 ± 0.1 0.2 ± 0.1 

   

1 Values are mean ± standard deviation of 32 TMR samples. 
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Table 4. Chemical composition of Control (CON) and Optigen® (OPT) TMR 

samples1 analyzed at Dairyland Labs (Arcadia, WI). 

 CON OPT 

Nutrient % of DM 

   

CP, % 17.9 ± 0.8 18.1 ± 0.6 

NEL, Mcal/kg 1.65 ± 0.04 1.64 ± 0.04 

NDF, %2 28.6 ± 2.1 29.2 ± 2.0 

NFC, % 41.5 ± 2.5  40.4 ± 2.0 

TDN, % 71.8 ± 1.4 71.4 ± 1.4 

Fat, % 5.2 ± 0.5 5.4 ± 0.6 

   

1 Values are mean ± standard deviation of 32 TMR samples. 

2 Analyzed utilizing Na2SO3 in the procedure. 
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Table 5. Nutrient and chemical composition of Control (CON) and Optigen® (OPT) 

TMR diets1 when space was filled with corn silage. 

 CON OPT 

Item % of DM 

   

Forage 55.2  55.7  
Corn Silage 22.6 24.8  

Alfalfa Silage 28.3  26.6  
Other Forage2 4.3 4.3 

   

Concentrate 44.8 44.3 
Corn Grain Ground 7.5 7.6 

High Moisture Corn 14.9 15.0 
Soybean Meal 48% 3.7 2.0 
Other Plant Protein3 4.4 4.6 

Animal Protein4 0.9 1.0 
High Fiber By-products5 8.6 9.0 

Min/Vit/Additive Mix6 4.6 5.2 
   

Nutrients, % of DM7   

DM, %8 50.2 ± 5.3 53.6 ± 5.6 
CP, %9 17.6 ± 0.9 18.2 ± 0.6 

Soluble CP, % of CP8 47.5 ± 6.6 52.5 ± 5.6 
NEL, Mcal/kg10 1.65 ± 0.02 1.65 ± 0.02 

NDF, %10 28.1 ± 1.7 28.5 ± 1.4 

NFC, %10 42.3 ± 2.0 41.0 ±1.5 
TDN, %8 72.9 ± 1.7 71.8 ± 1.7 

Starch, %8 24.1 ± 2.9 24.9 ± 2.7 
   

1 Values are means of the 16 diets used during the trial. OPT diet contained 114 grams 

(0.25 oz) of Optigen®. 

 

 2, 3, 4, 5, 6 See content of ingredients on footnotes from Table number 2. 

7 Values are mean ± standard deviation of 16 diets used during the trial. 

8 Values are mean ± standard deviation from Dairy One Lab analysis (Ithaca, NY). 

9 Values are mean ± standard deviation (Avg. between Dairy One Lab and Dairyland 

Lab). 

10 Values are mean ± standard deviation from Dairylan Labs (Arcadia, WI). 
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Table 6. Nutrient and chemical composition of Control (CON) and Optigen® (OPT) 

TMR diets1 when space was filled with high moisture shelled corn. 

 CON OPT 

Item % of DM 

   

Forage 54.6 55.2 
Corn Silage 20.5 20.5 

Alfalfa Silage 33.0 33.6 
Other Forage2 1.1 1.1 

   

Concentrate 45.4 44.8 
Corn Grain Ground 7.9 0.7 

High Moisture Corn 17.2 24.2 
Soybean Meal 48% 1.6 0.3 
Other Plant Protein3 2.2 1.4 

Animal Protein4 0.2 0.2 
High Fiber By-products5 10.0 10.4 

Min/Vit/Additive Mix6 6.4 7.5 
   

Nutrients, % of DM7   

DM, %8 51.2 ± 2.5 48.8 ± 1.3 
CP, %9 18.5 ± 0.6 18.7 ± 0.5 

Soluble CP, % of CP8 52.3 ± 7.8 58.0 ± 4.4 
NEL, Mcal/kg10 1.65 ± 0.04 1.64 ± 0.04 

NDF, %10 28.6 ± 2.1 29.2 ± 2.0 

NFC, %10 41.5 ± 2.5 40.4 ± 2.0 
TDN, %8 72.0 ± 1.0 70.3 ± 3.5 

Starch, %8 22.3 ± 3.4 20.8 ± 1.1 
   

1 Values are means of the 6 diets used during the trial. OPT diet contained 114 grams 

(0.25 oz) of Optigen®. 

 

 2, 3, 4, 5, 6 See content of ingredients on footnotes from Table number 2. 

7 Values are mean ± standard deviation of 6 diets used during the trial. 

8 Values are mean ± standard deviation from Dairy One Lab analysis (Ithaca, NY). 

9 Values are mean ± standard deviation (Avg. between Dairy One Lab and Dairyland 

Lab). 

10 Values are mean ± standard deviation from Dairylan Labs (Arcadia, WI). 

 



 91 

Table 7. Nutrient and chemical composition of Control (CON) and Optigen® (OPT) 

TMR diets1 when space was filled with corn grain ground. 

 OPT CON 

Item % of DM 

   

Forage 56.4 56.8 
Corn Silage 25.5 25.5 

Alfalfa Silage 24.4 24.7 
Other Forage2 6.4 6.7 

   

Concentrate 43.6 43.2 
Corn Grain Ground 12.1 14.6 

High Moisture Corn 8.3 8.2 
Soybean Meal 48% 4.4 4.2 
Other Plant Protein3 2.9 2.9 

Animal Protein4 1.0 1.0 
High Fiber By-products5 10.3 8.9 

Min/Vit/Additive Mix6 4.6 5.4 
   

Nutrients, % of DM7   

DM, %8 50.7 ± 1.6 47.3 ± 2.6 
CP, %9 18.6 ± 0.5 17.9 ± 0.8 

Soluble CP, % of CP8 52.2 ± 7.0 50.8 ± 3.7 
NEL, Mcal/kg10 1.63 ± 0.06 1.64 ± 0.05 

NDF, %10 30.0 ± 2.6 30.0 ± 1.9 

NFC, %10 39.3 ± 2.4 39.5 ± 2.3 
TDN, %8 72.2 ± 0.8 72.0 ± 1.4 

Starch, %8 21.2 ± 2.5 22.7 ± 1.3 
   

1 Values are means of the 10 diets used during the trial. OPT diet contained 114 grams 

(0.25 oz) of Optigen®. 

 

 2, 3, 4, 5, 6 See content of ingredients on footnotes from Table number 2. 

7 Values are mean ± standard deviation of 10 diets used during the trial. 

8 Values are mean ± standard deviation from Dairy One Lab analysis (Ithaca, NY). 

9 Values are mean ± standard deviation (Avg. between Dairy One Lab and Dairyland 

Lab). 

10 Values are mean ± standard deviation from Dairyland Labs (Arcadia, WI). 
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Table 8. Mean and variation for main forages incorporated into Control and 

Treatment TMR and comparison with NRC (2001) tabular values. 

 

 DM, % CP, % ADF, % of DM NDF, % of DM NEL, Mcal/kg 

 Avg SD Avg SD Avg SD Avg SD Avg SD 
Control           

           
Hay           

Legume 82.8 1.4 18.8 0.6 32.2 2.5 42.8 3.6 1.37 0.02 

Silage           
Alfalfa 50.7 5.8 19.9 2.2 31.8 2.3 41.3 2.4 1.39 0.03 

Corn 36.3 3.5 7.4 0.6 24.1 2.1 40.2 2.7 1.52 0.04 
HMSC 74.6 1.5 9.4 0.4 3.6 0.2 11.7 0.4 1.94 0.03 

           

Optigen®           
           

Hay           
Legume 83.1 1.1 19.4 0.5 33.4 2.0 43.6 2.9 1.37 0.02 

Silage           

Alfalfa 50.5 5.3 19.6 2.2 33.5 4.9 42.8 4.4 1.34 0.06 
Corn 36.6 3.7 7.3 0.4 24.2 2.2 40.3 2.9 1.50 0.04 

HMSC1 76.3 4.2 9.3 0.7 3.4 0.5 11.7 0.6 1.98 0.01 
           

NRC (2001)           

           
Hay           

Legume2 83.9 3.2 20.8 2.3 33.4 2.0 42.9 1.2 1.28 ... 
Silage           

Alfalfa3 42.9 1.0 21.9 1.8 35.2 2.1 43.2 1.5 1.22 ... 

Corn4 35.1 ... 8.8 1.2 28.1 3.3 45.0 5.3 1.45 ... 
HMSC 71.8 ... 9.2 0.7 3.6 1.6 10.3 2.7 1.90 ... 

           
1 HMSC: High Moisture Shelled Corn. 

2 Mid maturity (40 – 46% NDF). 

3 Mid maturity (40 – 46% NDF). 

4 Normal (32 – 38% DM).  
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Table 9. Effect of diet reformulation with controlled-release urea (Optigen®) on milk 

yield and component yields, and milk composition.  

 Control Optigen®   

Variable     

Dairy Farms, n 16 16   

Cow average/farm, n 148 148   

 

 Control Optigen® SEM P-Value 

Variable1     

Milk Yield, kg/d 35.4 35.9 0.2 < 0.01 

Fat, % 3.72 3.69 0.02 0.07 

Fat Yield, g/d 1317 1322 8 NS 

Protein, % 2.98 2.97 0.01 NS 

Protein Yield, g/d 1055 1065 6 0.13 

MUN, mg/dl 12.4 13.2 0.3 < 0.01 

     

1 All data are least square means. 
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Figure 1. Trial protocol. 
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Figure 2. Calculated crude protein degradability using NRC (2001) and García 

Gonzalez et al. (2007). 

 

 

 

 

 

 

 

 

 

 



 96 

Figure 3. Protein degradation over time for Soybean meal and Optigen® (Palmer et 

al., 2007). 
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Figure 4. In situ nitrogen dissapearence (B) from diets containing soybean meal 

(SBM) or 150 g of Optigen® to replace a portion of SBM and fitted to Ørskov model 

(Ørskov and McDonald, 1979). 
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Figure 5. A) Ruminal ammonia concentrations (mg/dL) observed over the time 

when supplemental Optigen® or Urea were intra-ruminally supplied. B) Blood 

plasma ammonia concentrations (mg/dL) observed over the time when 

supplemental Optigen® or Urea were intra-ruminally supplied. Data presented with 

permission of García-González (2007). 

 

A)  

 

B) 
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Figure 6. Simplified schematic diagram illustrating the digestive utilization of crude 

proteins by a ruminant (Adapted from FAO, 2009). 

 

 
 

*The large intestine, which has not been shown for better clarity, hosts celluloytic 
bacteria (but not protozoa). This is where celluloytic fermentation and bacterial 
synthesis (the source of PIM) takes place, allowed by the urea in the blood 

(passing through the wall), the source of NH3, and by the few constituents that are 
still degradable (source of energy). There is no absorption of amino acids at this 

stage in the digestive tract. A small proportion of these microbial proteins are 
fermented into ammonia, which will join the overall ammonia pool, the major 
proportion that remains being excreted in the feces. 
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ABSTRACT 

 

The objective of this study was to evaluate the impact of Optigen® (controlled-

release urea) use in commercial dairy herd diets on feed cost and income over feed cost. 

Results from a field trial with 16 Wisconsin dairy herds randomly assigned to treatment 

sequences of either Optigen® (OPT; 114 g/cow/d replacing an equivalent amount of 

supplemental CP to provide iso-nitrogenous TMR; TMR formulation space created by 

the use of OPT was filled with either dry corn, corn silage or high moisture corn DM) to 

control (CON) or CON to OPT in a cross-over design with two 30-d feeding periods was 

used in the economic analysis.  

 

Milk yield in the field trial was 0.5 kg/d/cow greater (P < 0.01) for OPT than for 

CON; data were analyzed using the mixed model procedure of SAS with period, 

sequence and treatment as fixed effects and herd as a random effect. An economic 

simulation analysis was performed using the OPT feeding rate and milk yield response 

from the field trial and monthly soybean meal-48 ($0.373 ± 0.054/kg), dry corn ($0.188 ± 

0.020/kg), corn silage ($0.059 ± 0.005/kg), and high-moisture corn ($0.149 ± 0.016/kg) 

prices (as-fed basis) and milk prices ($0.38 ± 0.03/kg) for the period January through 

December, 2008. The cost of OPT was set at $1.63/kg. Thirty-two combinations of 

varying feed and milk prices were simulated. Under the conditions of the simulations 

performed in this study, OPT reduced feed cost only when corn silage was used to fill 

formulation space while milk income minus feed cost was increased by OPT for all 

scenarios.  
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A decision-tool spreadsheet was developed to allow for further economic 

simulation analyses with the ability to vary the milk yield response to OPT, the cost of 

OPT, and the CP and energy supplements evaluated.      

Key Words: Controlled-release urea, economics, feed cost, dairy cows  
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INTRODUCTION 

 

Costs of ingredients and nutrients utilized for the production of milk historically 

have comprised over 50% of the total costs of milk production. In recent years, ratios of 

milk/feed prices have declined and at present, feed costs may account for 60%, or more, 

of total costs of milk production, hence, it is important that correct decisions are made to 

maximize returns on supplemental feed expenses. Changes in prices and milk production 

related to feed supplements are specially important, because they impact directly on 

economic profitability of dairy farms (Cabrera et al., 2009). Although an additive may be 

beneficial in production research studies, it also needs to be economical. There is a need 

for tools to evaluate cost benefit of using feed additives on dairy farms. To measure the 

economic impact of Optigen® we designed a user-friendly Excel application to evaluate 

Income Over Feed Cost (IOFC), which is a major determinant of profits or losses in a 

dairy production enterprise. The IOFC is a function of milk price and yield, value of 

replaced feeds, and additive costs.  

 

One of the more expensive components in a dairy cow ration is crude protein 

(CP). As a result, urea may be used in dairy rations as a less expensive alternative to 

rumen degradable protein (RDP) from plant origin, such as soybean meal or cottonseed 

meal (Akay et al., 2004). Urea can only be used as a source of nitrogen when there is an 

adequate supply of readily fermentable carbohydrate available to synthesize bacterial 

protein (Nocek and Russell, 1988).  
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Urea can be utilized in ruminant diets, because it is hydrolyzed to ammonia in the 

rumen and can be incorporated by microbes into amino acids and bacterial protein that 

are subsequently utilized by the host animal (Huntington and Archibeque, 2000). While 

the objective of using Optigen® to better synchronize nitrogen and carbohydrate 

availability in the rumen continues to be researched, its use may have a practical benefit 

in dairy cattle rations. Siciliano-Jones (2005) suggested that a slow-release urea can 

replace some soybean meal protein to meet RDP requirements. The result of this 

replacement is a net gain of formulation space available for feeding more forage or grain 

dry matter.  

 

Since feed costs can represent as much as 60% of total costs of producing milk on 

a dairy farm, feed costs savings, even a few dollars per ton, add up to significant changes 

over a year on dairy farms, especially large scale farms (Bethard, 1998). Therefore, a 

complete farm budget is not needed to determine the profitability of these specific 

changes in the operation of the farm. The analysis could be accomplished by using a 

partial budget (PB), which means that only the relevant costs and incomes are included in 

the analysis. Partial budgets can be used to analyze practical management decisions, such 

as adopting new technologies or purchasing new equipment, facilities, and machinery. 

Since PB is best adapted to small changes in the business and indicate that the change 

will increase, decrease, or not change the net income, it could be used as part of the 

analysis for modifying feeding management and complement an IOFC analysis.  
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The IOFC is a common measure of performance of a feeding program and is a 

function of milk price and yield and feed costs (Adkinson et al., 1993). Simpler models to 

measure the impact of diet changes due to the inclusion of new ingredients or additives 

could be developed that provide solutions to dairy farmers, nutritionists and consultants 

sufficiently similar to solutions from more complex models. A decision-tool spreadsheet 

could allow for further economic simulation analyses with the ability to vary the milk 

yield response to OPT, the cost of OPT, milk price, and the CP and energy supplement 

costs evaluated.  

 

The objectives of this study were to evaluate the impact of Optigen® (controlled-

release urea) use in commercial dairy herd diets on feed cost and income over feed cost in 

commercial Wisconsin dairy herds, and to develop a user-friendly Excel spreadsheet 

decision tool to evaluate IOFC. 
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MATERIALS AND METHODS 

 

An economic simulation analysis was performed using the OPT feeding rate and 

milk yield response from our field trial (refer to Chapter II) and monthly soybean meal-

48 ($0.373 ± 0.054/kg), dry corn ($0.188 ± 0.020/kg), corn silage ($0.059 ± 0.005/kg), 

and high-moisture corn ($0.149 ± 0.016/kg) prices (as-fed basis) and milk prices ($0.38 ± 

0.03/kg) for the period January through December, 2008 (Table 1). The cost of OPT was 

set at $1.63/kg. Thirty-two combinations of varying feed and milk prices were simulated 

in a user-friendly Excel spreadsheet (Optigen® Evaluator) designed to help dairy 

producers, nutritionists, consultant and extension agents evaluate the Income Over Feed 

Costs of supplementing Optigen®. These combinations varied depending on amount and 

costs of ingredients used to perform reformulations that involved soybean meal, corn 

silage, high moisture corn, and corn grain. The price of milk and the price and amount of 

Optigen® fed were also important factors in these calculations. Instructions for the proper 

use of the Optigen® Evaluator decision tool are presented in Table 2. These instructions 

were a modification of the Income over Feed Supplement Cost analysis proposed by 

Cabrera et al. (2009). National Research Council (2001) tables were used as a reference 

feedstuff nutrient composition (DM % and CP%). Soybean meal (SBM) was chosen as 

the protein supplement for partial replacement in the diet simulations by Optigen®, 

because they have been shown to have similar ruminal degradation curves (García-

González et al., 2007, Palmer et al., 2007). Other protein supplements that could be 

partially replaced by Optigen® in dairy cattle diets are presented in Table 3.  
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RESULTS AND DISCUSSION 

  

Least squares means for milk production composition are provided in Table 4. 

Milk yield was 0.5 kg/d/cow greater (P < 0.01) for OPT than for CON (Refer to Chapter 

II). Under the conditions of the simulations performed in this study, OPT reduced feed 

cost only when corn silage was used to fill formulation space while milk income minus 

feed cost was increased by OPT for all scenarios. A decision tool spreadsheet was 

developed to allow for further economic simulation analyses with the ability to vary the 

milk yield response to OPT, the cost of OPT, and the CP and energy supplements 

evaluated. Results of the economic analysis using the decision tool are presented in Table 

5.  

 

Milk income minus feed cost was greater in all the diets that contained Optigen®. 

This was especially evident when the diet formulation space created by use of the product 

was filled with corn silage, where feed cost was reduced and milk income minus feed 

cost was $ 0.21 ± 0.051/cow/day greater. Change in nutrient composition of diets during 

trial period March to June 2008 after reformulation with Optigen® and IOFC when corn 

silage was utilized to fill formulation space are presented in Table 6. When diet 

formulation space was filled with high-moisture corn, cost benefit to use the product was 

$ 0.15 ± 0.040/cow/day, and when dry corn grain was used the cost benefit was $ 0.015 ± 

0.039/cow/day. The lower cost-benefit when high-moisture corn and dry corn grain were 

used to fill the formulation space was due to a higher feed cost compared with corn 

silage, which had a feed cost (OPT-CON) of $ -0.020 ± 0.039. 
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Optigen® effects on milk yield (+0.5 kg/d/cow greater (P < 0.01) for OPT than for 

CON) could be due to changes in populations or functions of ruminal microbial species, 

their interrelationships with the extra energy supplements, and subsequent effects on 

microbial efficiency and growth (Akay et al., 2004). Logically, if more dietary nitrogen 

can be captured by ruminal microorganisms, the efficiency with which dietary nitrogen is 

captured in milk should increase (Chalupa, 2007).  

 

A study conducted by Varga and Ishler (2008) reported that Optigen® reduced 

diet costs when partially replacing soybean meal and increasing forage while maintaining 

the supply of metabolizable protein and milk yield. They also reported that Optigen® 

numerically increased milk yield by 1.2 kg/d (P<0.11). Urea, an NPN compound, can be 

relatively inexpensive per unit of crude protein equivalents (CPE) compared with true 

protein supplements, such as soybean meal. Urea can be utilized in ruminant rations 

because it is hydrolyzed to ammonia in the rumen and can be incorporated by microbes 

into microbial protein, which can be subsequently digested and absorbed post-ruminally, 

thereby serving as a source of amino acids for the host animal (Galo et al., 2003). 

Depending on protein supplement prices, the use of Optigen® may help lower feed costs. 

In addition, by increasing the CPE density of dietary protein supplements space was 

created in formulations that afforded nutritionists an opportunity for manipulating dietary 

carbohydrate fractions. 
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Comparisons of RDP and RUP prices between different protein sources, urea and 

Optigen® are presented in Table 7. To obtain values of RDP ($/kg), RDP ($/kg), and 

RUP digestible ($/kg), formulas were adapted from Bethard (1998) to express values in 

metric system: 

(1) % CP x (% RDP ÷ 100) = RDP as a % of DM 

(2) (% RDP of DM ÷ 100) x (% DM x 908 kg/ton) = kg RDP/ton as-fed 

(3) $/ton ÷ kg RDP/ton as fed = $/kg RDP 

(4) Same steps to calculate RUP. 

 

The method described considered RUP digestibility but not palatability or quality. 

With current (July, 2009) ingredient market prices, Optigen® had a higher price 

($2013/ton) compared with SBM ($480/ton) and other protein sources, however was one 

of the cheapest sources of RDP ($0.76/kg) compared with SBM ($1.92/kg) due to its 

density (high DM, CP and RDP percentages). Considering nutritional aspects, prices and 

cow performance, Optigen® can be a partial substitute for SBM or other potential RDP 

supplying ingredients depending on market prices. 
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CONLUSIONS 

 

Optigen® increased milk yield 0.5 kg/cow/d (P < 0.01) in a field trial on 

commercial WI dairy farms. Use of Optigen® decreased feed cost only when diet 

formulation space was filled with corn silage in the simulation analysis. The simulation 

analysis revealed that Optigen® increased IOFC by up to $0.21 ± 0.051/cow/d. Depending 

on feedstuff prices, milk price, additive price and the amount of additive used, Optigen® 

may lower feed costs when formulation space is filled with forage and can increase 

IOFC, but the economics depends greatly on the aforementioned factors and inter-

relationships. The Optigen® Evaluator tool can be used to evaluate the impact of 

fluctuating market price scenarios worldwide on the economics of Optigen® use in dairy 

cattle diets. 
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Table 1. Feedstuffs prices period January to December 2008. 

 Soybean Meal1 Corn Silage2 Corn Grain3 Corn2 Milk3 

 Solvent, 48% 32–38% DM Ground Dry HMSC Class III 

 $/kg As Fed $/kg As Fed $/kg As Fed $/kg As Fed $/kg 

Jan-2008 0.350 0.052 0.156 0.124 0.43 

Feb-2008 0.399 0.056 0.178 0.141 0.37 

Mar-2008 0.398 0.058 0.185 0.146 0.40 

Apr-2008 0.387 0.062 0.202 0.160 0.37 

May-2008 0.372 0.063 0.207 0.164 0.40 

Jun-2008 0.475 0.065 0.215 0.170 0.45 

Jul-2008 0.411 0.063 0.206 0.163 0.40 

Aug-2008 0.389 0.063 0.207 0.163 0.38 

Sep-2008 0.393 0.061 0.197 0.156 0.36 

Oct-2008 0.277 0.055 0.172 0.136 0.38 

Nov-2008 0.299 0.054 0.167 0.132 0.34 

Dec-2008 0.320 0.053 0.161 0.127 0.34 

      

Average 0.373 0.059 0.188 0.149 0.38 

SD 0.054 0.005 0.020 0.016 0.032 

1 Feedstuffs magazine, period January to December 2008.  

2 Values of corn silage and HMSC were calculated on a corn grain ($/bushel) base. 

3 Gould (2009). 
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Table 2. Instructions to use the IOFC spreadsheet (Optigen® Evaluator). Adapted 

from Cabrera et al. (2009) Income over feed supplements costs recommendations.  

 

SECTIONS RECOMMENDATIONS 

I – Set protein source 

(See Figure 1) 

In this section you need to input the DM%, CP% and price ($/kg) as 

fed (AF) of the protein feedstuffs to be used. Initial necessary data of 

composition of feeds (DM% and CP%) comes from NRC (2001) table 

number 15-1. Cells marked in yellow are input data that can be 

overwritten as desired. Main protein sources considered relevant to be 

included in dairy cows diets for worldwide conditions are presented. 

II – Set energy source 

(See Figure 2) 

In this section you need to input the DM%, CP% and price ($/kg) as 

fed (AF) of the energy feedstuffs to be used. Initial necessary data of 

composition of feeds (DM% and CP%) comes from NRC (2001) tables 

number 15-1 and 15-2a. Cells marked in yellow are input data that can 

be overwritten as desired. Main energy sources considered relevant to 

be included in dairy cows diets for worldwide conditions are presented. 

III – Optigen® Evaluator 

(See Figure 3) 

This section is divided in sub-sections for better understanding. 
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Table 2. Continued... 

 

SUB-SECTIONS RECOMMENDATIONS 

1 – Input data Cells marked in yellow are input data that can be 
overwritten as desired. 

1.1 – Optigen® Set Optigen® amount (kg/cow/d) and price ($/kg).  
1.2 – Select a source of protein to be 

replaced 

Use drop box menus to select protein ingredients 

previously updated in Section I. Potential feedstuffs to 
be replaced like Soybean Meal, Canola meal, Sunflower 
Meal, and Cottonseed Meal are included. 

1.3 – Select a source of energy to add to 
diet 

Use drop box menus to select energy ingredients 
previously updated in Section II. Potential feedstuffs to 

be added like Corn Silage, High Moisture Corn, and 
Corn Grain Ground are included. 

1.4 – Milk Increase/Decrease assumption Use right/left arrows to adjust the amount of milk 

(kg/cow/d) assumed to be increased because the use of 
Optigen® and reformulation. Maximum amount is 

adjusted up to 500 cc and minimum of 0 cc. 
1.5 – Milk Price Use right/left arrows  to adjust milk price ($/cwt) 

according to market. 

  
2 – Analysis (Output data – Results) Output data were to see results, but you are not allowed 

to change because they may include formulas. 
2.1 – Optigen®  Amount (kg DM) and value ($/cow/d) because of 

adding Optigen® to the diet. 

2.2 – Source of protein Amount (kg DM) and value ($/cow/d) because of 
source of protein replaced. 

2.3 – Source of energy Amount (kg DM) and value ($/cow/d) because of 
source of energy replaced. 

2.4 – Value of change in milk production Value associated to milk increase/decrease (1.4) and 

milk price (1.5). 
2.5 – Value of Using Optigen® Cost benefit because of reformulation. 
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Table 3. Potential protein sources to be partially substituted by Optigen® in dairy 

cow rations. 

 

Protein Source CP1 RDP RUP RUP digest1 Met1 Lys1 

 % % of CP % of CP % % of CP % of CP 

Soybean Meal, 48% 53.8 65 35 93 1.44 6.29 

Canola Meal 37.8 64 36 75 1.87 5.62 

Linseed Meal 32.6 47 53 85 1.76 3.69 

Cottonseed Meal 44.9 58 42 92 1.59 4.13 

Sunflower Meal, w/hulls 28.4 84 16 90 2.29 3.56 

1 Mean values from NRC (2001). Table 15-2a. 
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Table 4. Effect of diet reformulation with control-release urea (Optigen®) on milk, 

milk components, and MUN.  

 Control Optigen®   

Variable     

Dairy Farms, n 16 16   

Cow average/farm, n 148 148   

 

 Control Optigen® SEM P-Value 

Variable1     

Milk Yield, kg/d 35.4 35.9 0.2 < 0.01 

Fat, % 3.72 3.69 0.02 0.07 

Fat Yield, g/d 1317 1322 8 NS 

Protein, % 2.98 2.97 0.01 NS 

Protein Yield, g/d 1055 1065 6 0.13 

MUN, mg/dl 12.4 13.2 0.3 < 0.01 

     

1 All data are least square means. 

 

 

 

 

 

 



 119 

Table 5. Economic impact of Optigen® use in dairy herd diets. 

 

 

CP Supplement 

Replaced by 

OPT 

 

Ingredient Used to 

Fill Formulation 

Space 

 

Feed Cost 

OPT - CON 

($/cow/day) 

 

Milk Income  

OPT – CON 

($/cow/day) 

 

Milk Income - Feed 

Cost 

($/cow/day) 

SBM-48 Dry Corn 0.047 (± 0.027) 0.192 (± 0.016) 0.15 (± 0.039) 

SBM-48 Corn Silage -0.020 (± 0.039) 0.192 (± 0.016) 0.21 (± 0.051) 

SBM-48 HM Corn 0.042 (± 0.028) 0.192 (± 0.016) 0.15 (± 0.040) 
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Table 6. Change in nutrients composition of diets during trial period (March to 

June 2008) after reformulation with Optigen®, and IOFC when corn silage was 

utilized to fill formulation space. 

 

 CON OPT 

   

DM, %1 50.5 ± 3.9 50.8 ± 5.0 

CP, %2 17.9 ± 0.8 18.1 ± 0.6 

Soluble Protein, % of CP1 49.8 ± 7.0 52.5 ± 5.3 

RDP, % of CP3 64.1 ± 1.9 65.2 ± 2.3 

RUP, % of CP3 35.9 ± 1.9 34.8 ± 2.3 

NEL, Mcal/kg2 1.65 ± 0.04 1.64 ± 0.04 

Forage, % of DM3 55.5 ± 3.1 56.0 ± 3.0 

NDF, % of DM2 28.6 ± 2.1 29.2 ± 2.0 

NFC, % of DM2 41.5 ± 2.5 40.4 ± 2.0 

TDN, % of DM2 71.8 ± 1.4 71.4 ± 1.4 

Starch, % of DM1 23.0 ± 2.9 22.6 ± 4.6  

   

Milk Production, kg/d4 34.5 34.9 

Milk Price Class III, $/cwt5 0.18 0.18 

IOFC, $/cow/d6  0.21 

1 Dairy One Analysis (Ithaca, NY). 
2 Dairyland Labs (Arcadia, WI). 
3 Nutritionists ratio formulation. 
4 Assuming 0.5 kg/d/cow greater (P < 0.01) for OPT than for CON. 
5 Class III price from period March to June 2008 (Gould, 2009). 
6 Income Over Feed Cost from period March to June 2008. 
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Table 7. Comparisons on CP, RDP and RUP prices between different proteins 

sources, Optigen® and urea. 

 

Protein Source DM1 CP1 Ton2 RDP3 RUP3 RUP digest3 

 % % $ $/kg $/kg $/kg 

SBM, 48% 89.5 53.8 480 1.92 2.54 2.73 

Canola Meal 90.3 37.8 330 1.67 2.97 2.78 

Linseed Meal 90.3 32.6 275 2.20 1.77 2.29 

Cottonseed Meal 90.5 44.9 330 1.53 2.12 2.30 

Sunflower Meal 92.2 28.4 237 1.19 6.24 6.94 

Urea 99.0 281 567 0.21 ... ... 

Optigen® 99.0 256 2013 0.76 ... ... 

1 NRC (2001). 

2 Feedstuffs, July 2009. 

3 Values calculated using Bethard (1998) and NRC (2001) information. 
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Figure 1. Section I, protein feedstuffs (NRC, 2001) example.  
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Figure 2. Section II, energy feedstuffs (NRC, 2001) example.  
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Figure 3. Section III, Income Over Feed Cost example (Optigen® Evaluator). 

 

 


