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The Dugway Nutritional Plan (DNP) was developed specifically for higher producing ruminants to provide a 

simple but effective method of feeding these animals and to overcome some limitations of traditional systems. 

Specifically, the DNP recognizes that diet formulation can have a significant effect on feed intake and also that 

the proper balance of dietary components can effectively prevent most metabolic disturbances such as acidosis 

and animals going off-feed. 

 

Pooled energy values such as TDN, DE, ME, NE, NEm, NEg, NEl and NEL are ignored and diets are “balanced” 

on the components that generally make up these “pooled” values. The dietary components used are the Ash, EE 

and Protein fractions (i.e. CP or soluble, degradable, escape, and indigestible), which are comparable to 

generally accepted systems. Because both EE and ash in ruminant diets are generally about 5%, both are 

suggested to be included at about this level and not discussed further. For simplicity, the protein fraction(s) are 

only considered as the total or crude protein at this point and not broken down further.  

 

The carbohydrates are divided into indigestible NDF (INDF), fermentable NDF (FNDF), and nonstructural 

(NSCHO or NSC) and are the variable fractions that are emphasized in the DNP (Figure 1). Decreasing the 

INDF in the diet and/or increasing the feed intake are the most effective ways of increasing nutrients available 

for animal production. However, with increased intake of nutrients, the proper “balance” between FNDF and 

NSCHO becomes important, especially in preventing metabolic disturbances. 

 

The Ash, EE, Protein fractions, INDF, FNDF and NSCHO components can be added up or properly pooled and 

adjusted to estimate a pooled energy value such as TDN or DE or ME or NE, but that pooling is unnecessary 

and redundant. Furthermore, the effects of the individual components are “lost” when pooled. 

 

The INDF in the diet is almost perfectly negatively correlated with digestible dry matter (DDM). When diets are 

low in energy, with higher INDF levels, it is often customary to either increase the fat (EE) which can reduce 

the effectiveness of the rumen or to add excess grain that is high in NSCHO without regard to maintaining the 

balance between the carbohydrate fractions. The DNP simply “balances” the feed components INDF, FNDF, 

and NSCHO in the diet to enhance DMI to the level desired and concurrently to prevent metabolic disturbances, 

thus allowing for optimal or maximal performance. 

 

The suggested levels of FNDF and NSCHO are expressed on a minimum and maximum basis respectively (i.e. 

the minimum level of FNDF and the maximum level of NSCHO). Animals fed diets high in good quality forage 

such as the beef cow herd and sheep either at maintenance or pregnant or suckling a single lamb will usually 

exceed the minimum FNDF in the diet and not approach the maximum NSCHO suggested level. Higher 

producing lactating dairy cows, ewes suckling 2, 3, or 4 lambs, feedlot lambs, and feedlot cattle fed high grain 

diets often will not meet the suggested minimum and maximum levels unless their diets are balanced carefully. 

For these animals it is important to not only minimize the INDF but provide sufficient FNDF to be above the 

minimum suggested level and to not exceed the maximum suggested level of NSCHO. 

 

For each of several types of animals, nutrient plans have been developed with suggested levels of these feed 

components for various levels and types of production. The suggested levels provide ample nutrients and may 

exceed “standard” requirement levels somewhat. Some of the components are suggested only to the nearest 5% 

of the diet and none closer than 1%. A separate presentation and discussion for each species follows. The initial 
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concepts of the DNP were developed from feeding trials with early weaned lambs based on the effects of 

dietary NDF on feed intake. The concept was then expanded to lactating dairy cows. The overall plan for beef 

cattle, both growing and producing heifers to 36 months and feedlot steers followed as well as that for sheep 

under both annual and accelerated (STAR) lambing systems. Also included is discussion of some approximate 

feed component values (Table 1). 

 

Lactating Dairy Cattle 

 

The Dugway Nutrient Plan (DNP) was first developed in the early 1990’s for lactating dairy cattle with the 

assumption that the FNDF in the diet should be at least 2 to 3 times the INDF for higher producing cows. The 

suggested level of NSCHO was incorporated soon thereafter. 

 

As with the general plan for ruminant species, the feed components included are Ash, EE, Protein fractions, and 

INDF, FNDF, and NSCHO (Figure 1). Pectin like substances (PLS) are included in the FNDF even though by 

analysis they will be included in the Neutral Detergent Soluble (NDS) fraction of the feed. The general DNP for 

lactating cows is demonstrated in Figure 1 which includes the levels of each suggested component for cows 

producing from 0 to 120 lb of milk per day. The 

suggested level of both ash and EE (5%) is the 

same from maintenance (zero milk) to 120 lb of 

milk. The protein fractions are increased from 

10 to 16%. Only the total of the protein 

fractions (CP) is indicated in this figure. The 

INDF is reduced linearly from 30 to 10% of the 

diet to account for comparable increases in 

DDM. 

 

The remaining 2 components (FNDF and 

NSCHO) are suggested at levels that should 

enhance feed intake and prevent metabolic 

disturbances, especially at the higher levels of 

milk production. FNDF is expressed as a 

suggested minimum and NSCHO as a suggested 

maximum. At lower levels of production 

suggested levels of minimum FNDF and 

maximum NSCHO are usually not approached 

as these cows are usually fed high forage diets 

that contain higher levels of FNDF and lower 

levels of NSCHO than are suggested. At the 

highest level of production indicated on the 

figure (120 lb of milk), the minimum 

percentage of FNDF is increased and the 

maximum percentage of NSCHO decreased to 

take into account the possibly that the cow will 

have difficulty processing very high amounts of 

NSCHO at the high feed intake needed to 

produce 120 lb of milk. 

 

 
Figure 1. The Dugway Nutritional Plan feed components and suggested 

dietary levels for lactating dairy cattle. 
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Beef Cattle 

 

Figure 2 depicts the growth and production of beef cattle up to 3 years of age and the suggested dietary 

components for them. These are presented to depict both the growth and production of heifers up to 36 months 

and of steers up to harvest at about 1100 pounds. A mature cow weight of 1200 lb is assumed. 

 

Heifers are expected to weigh 80 lb at birth, be weaned at 7 months weighing 480 lb and then gain about 1.25 lb 

a day to 750 lb to be bred at 14 to15 months. They then gain 0.9 lb/day during early pregnancy and 1.9 lb /day 

during later pregnancy (including conceptus) so that they weigh about 1150 lb when they calve. Post-calving 

weight at 24 months would be about 1000 pounds. After calving they are fed to lactate and gain 0.3 lb/day 

through breeding at 26 to 27 months and weaning at 31 months. To cover conceptus growth they gain an 

additional 1.0 lb/day during later pregnancy so that they weigh 1250 lb pre-calving and 1100 lb post-calving at 

36 months of age. 

 

Included in Figure 1 are suggested feed component levels for each stage of growth and pregnancy and lactation 

for the heifers as well as feed component levels for fed steers. 

 

The steers are depicted to weigh 500 lb at weaning and then fed directly to gain either 3.0 lb /day or 2.3 lb /day 

to a harvest weight of 1100 lb at 12 or 16 months respectively. Alternatively they may be grown with the heifers 

to gain only 1.25 lb /day (probably on pasture) and then fed as mentioned previously so that they gain either 3.3 

or 2.7 lb/day and harvested at 16 or 17 months. 

 

The differences in gain between 3.3 lb /day and 3.0 lb /day or 2.7 and 2.3 is intended to be depicted as 

compensatory gain. The pasture-fed steers try to play catch-up but never quite make it, but the pasture and feed-

lot situations may make it more profitable to follow the second scenario. 

 

The suggested feed components for the steers are not as detailed as that given for the heifers. Primarily the 

suggestion is that the DDM of the diet is as high as appropriate (and the INDF as low) and that sufficient FNDF 

be included to balance the high levels of NSCHO. The FNDF level is suggested to be at least 15%. The CP 

level is reduced from 14 to 12% from early to later growth periods and the DMI will depend on the stage of 

growth and weight of the steers. It is intended that this level of FNDF will allow the animals to maintain 

adequate rumen function and prevent metabolic disturbances. 

 

It is understood that in some cases feed-lot cattle may be fed very high concentrate (high NSCHO) diets and fat 

may be added so that rumen function may be compromised but this may have economic advantages. It is also 

realized that in some areas of the U.S. or other countries cattle may subsist on levels of feed components 

different than those suggested here but these cattle may not meet the growth and production levels depicted. 
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Sheep 

 

Production and suggested feed component levels are depicted in Figures 3-5. Figure 3 depicts the growth and 

production of ewe lambs from birth through their first lactation and then to their second breeding if on the 

STAR program. If on an animal lambing schedule their second breeding would be later. 

 

The ewe lambs are depicted to weigh about 8 lb at birth and be weaned at 40 to 70 days (appropriate of their 

mothers are on the STAR program) and then fed to gain about 0.4 lb/day to breeding at about 110 pounds. They 

then gain about 0.2 lb/day during early pregnancy and 0.5 lb/day during late pregnancy so that they weigh about 

160 lb (including wool growth) at lambing and about 140 lb post-lambing and shearing. They are then fed to 

gain about 0.1 lb/day during lactation and therefore are prepared to breed shortly after weaning. The suggested 

feed components for these ewe lambs for each stage of growth and production are included in Figure 3. 

 

Figure 4 depicts mature ewes on an annual (12 months) lambing interval and Figure 5 depicts ewes on an 

accelerated (STAR) program. In each example the mature ewes are expected to maintain their basic weight (150 

lb) through each production period. Most “requirement” tables allow ewes to loose weight during early lactation 

and then regain that loss either during late lactation or the subsequent maintenance or early pregnancy periods. 

However, we now know how to feed lactating ewes (even with 2, 3, or more lambs) to maintain weight during 
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Figure 2. Life of beef cattle from birth to 36 months. 
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lactation. Also, for ewes managed on an accelerated production system that are expected to breed soon after 

weaning, minimizing weight loss during lactation is important. For ewes managed on a 12 month lambing 

interval, it may be economically advantageous to allow them to loose some weight during lactation and regain 

that weight during the following maintenance period. 
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Figure 3. Growth and suggested feed component levels for replacement ewe lambs to 584 days. 
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Mature Ewes – Annual Lambing
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Figure 4. Production and suggested feed component levels for conventionally-managed ewes. 
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Feed Component Values 

 

Some approximate feed component values are given in Table 1. Included are several forages at different 

maturity levels, the major grains and a variety of by-products that are becoming more widely available for 

feeding. 

 

Values are listed for non-structural carbohydrates (sugars and starches), neutral detergent fiber (NDF) divided 

into fermentable or digestible (FNDF) and indigestible (INDF), crude protein (CP) and ether extract (EE) and 

ash. Digestible dry matter is also included. These values are approximate, but should be reasonable estimates of 

expected or true values for these feeds or feed ingredients. 

 

The NSCHO values are calculated as the difference between 100 and the total of NDF, CP, EE and Ash. The 

FNDF values are estimated as the difference between NDF and INDF. INDF values are calculated as 100 minus 

DDM minus 10 to 15. This considers that the fecal dry matter would be 100 minus DDM and the fecal dry 

matter would contain 10 to 15% of the feed dry matter as endogenous losses with the remainder being INDF. 
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Figure 5. Production and suggested feed component levels for STAR-managed ewes. 
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Highly digestible feeds like corn contain about 10% endogenous loss in the feces and forages contain about 

15%. The exact loss for various feeds has been “estimated” as some number between 10 and 15. 

 

The CP, EE and Ash values are generally taken from existing tables, primarily those of P. J. Van Soest and 

associates. The DDM is generally considered to be equivalent to TDN except in those feeds high in EE or Ash. 

 

INDF is highly negatively correlated with DDM so that one or the other could be omitted. Most feed 

components will have considerable variation and therefore the numbers in the table are termed “approximate." 

 

 

Table 1. Some approximate feed component values. 

Ingredient NSCHO 

FNDF 

(1XM) 

INDF 

(1XM) CP EE Ash DDM 

Forages - - - - - - - - - - - - - - - - % of dry matter - - - - - - - - - - - - - - - - 

 Alfalfa Early bloom 27 19 23 19 3 9 62 

  Mid bloom 25 21 25 17 3 9 60 

  Late bloom 23 23 32 12 2 8 53 

 Orchard grass  Early bloom 20 37 20 10 3 10 65 

  Late bloom 13 36 31 8 3 9 54 

 Timothy Late vegetative 20 40 15 14 3 8 70 

  Early bloom 18 40 21 11 3 7 64 

  Late bloom 14 39 29 8 3 7 56 

  Seed stage 14 34 38 6 2 6 47 

 Corn silage, 45% grain 42 28 13 9 3 5 72 

 Wheat straw 2 40 45 3 2 8 40 

Grains        

 Barley Heavy 63 14 5 13 2 3 84 

  Light 52 17 11 14 2 4 77 

 Corn  75 6 3 10 4 2 87 

 Oats, 32 lb/bushel 37 27 15 13 3 5 73 

 Wheat 69 10 6 11 2 2 84 

By-products        

 Beet pulp  32 40 14 8 1 5 74 

 Citrus pulp  44 32 (15 pls
a
) 6 7 4 7 82 

 Corn gluten feed 18 40 5 25 7 5 83 

 Cottonseed hulls 0 50 40 4 2 4 45 

 Dried brewers grains 17 28 18 26 7 4 67 

 Dried distillers grains 10 42 8 26 10 4 80 

 Hominy 25 50 5 12 7 1 85 

 Oat hulls  9 28 50 4 2 7 35 

 Soy hulls  11 62 8 12 2 5 80 

 Wheat midds  40 32 5 18 3 2 83 

Protein supplement        

 Soybean meal, 44% CP 28 9 5 49 2 7 80 
a
Pectin-like-substances. 

 

 

 


