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A 3-yr grazing trial was conducted with ryegrass (Lolium perenne), rye (Secale 

cereale) and oats (Avena sativa) as winter pasture for forage-finished beef.  Replicate 

1.42-ha paddocks were established and stocked with 3 Angus × Continental crossbred 

steers per paddock each year in a completely randomized design.  Steers had free-

choice access to salt-mineral mix and water.  Forage mass (FM, kg DM/ha) and 

nutrient composition were determined. Put-and-take steers were used to maintain 

forage in the vegetative stage.  Average daily gain differed (P < 0.05) among years, 

but there was no treatment effect or animal × yr interaction.  Overall mean ADG was 
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1.32 ± 0.12 kg/d.  In yr 1, seasonal-mean ADG (1.81 ± 0.05 kg/d) was higher (P < 

0.0001) than in the other years, but ADG in yr 2 (1.05 ± 0.05 kg/d) and yr 3 (1.11 ± 

0.05 kg/d) did not differ.  There was no yr effect or yr × treatment interaction for 

forage concentration of NDF and ADF.  Ryegrass had lower NDF (39.8% ± 1.1) and 

ADF (20.6 ± 0.6) than oats (46.0% ± 1.1 and 24.3 ± 0.6) and rye (46.2 % ± 1.1 and 

24.4 ± 0.6).  Total gain per area differed (P < 0.05) among years and forage type, but 

there were no yr × treatment interactions.  Animals grazing oats had a greater (P 

<0.05) gain per ha (504 ± 15.4 kg/ha) than those grazing rye (425 ± 15.4 kg/ha) or 

ryegrass (408 ± 15.4 kg/ha).  In conclusion, cool-season annual pastures did not differ 

in terms of steer ADG, but oats was superior to the rye or ryegrass pastures in total 

gain per area. In experiment 2, a high-throughput procedure was developed for the 

sequential analysis of NDF and ADF allowing a high volume of samples to be 

analyzed in a relatively short period of time.  The fiber bag ANKOM method served 

as the control for evaluation of the modified water bath method (WB).  A completely 

randomized design with a replicated 2 × 3 × 2 factorial arrangement of treatments was 

used.  There were no differences between the methods for either NDF (31.93% WB vs 

31.33% ANKOM, P = 0.29) or ADF (15.54% WB vs 15.96% ANKOM, P = 0.21).  

The CV were low for NDF (100% of samples with CVs below 2.8%) and for ADF 

(83% of samples with CVs below 5% with the highest CV at 5.9%).  The WB analysis 

method produced repeatable results comparable to the ANKOM method and can be 

used to process a large number of samples in the same amount of time that 12 

duplicate samples are processed using the ANKOM method.
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I. INTRODUCTION 

 

The preference for forage-finished beef by consumers in the U.S. is high due to 

its being perceived as more healthful and environmentally friendly than grain-finished 

beef (Razminowicz, et al., 2006).  In order to achieve the goal of increasing 

production of finishing cattle on pasture, forage quality and availability must be high 

so that energy intake does not limit animal performance (Fontenot et al., 1985).  

Forage quality analysis is of major importance in ruminant nutrition, especially in a 

forage-finish system due to a use of fiber as source of energy. 

The Southeastern United States has an environment that enables production of 

a variety of forages, even though most warm season grasses have a dormancy period 

of 5 or more months and generally do not support rapid gains desired for finishing 

cattle (Ball et al., 2002).  This gap in the pasture system, is a major barrier to finishing 

cattle throughout the year (Matches and Burns, 1995).  Small grains can be established 

as high quality pasture which will support fast gains and extend the grazing season. 

Previous research has not resulted in a consensus when the palatability of 

forage-fed compared with grain-fed beef was compared.  Some studies report more 

desirable flavor for forage-fed (Cross and Dinius, 1978; Kropf et al. 1975; Skelley et 

al. 1978; Schroeder et al. 1980; Kidwell, 2002); some report less desirable flavor 

(Wanderstock and Miller, 1948; Bowling et al., 1977; Brown et al., 1979), and others
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 reported acceptable flavor for both (Oltjen et al., 1971; Huffman, 1974; Bidner et al., 

1981).  The flavors are known to vary with the type of grass being grazed and the 

length of time the grasses are grazed (Mandell et al., 1998). 

The objective of the trial reported here was to examine trends in forage 

availability, forage quality and steer performance during the grazing/finishing phase. 

In ruminant nutrition, fiber refers to the plant cell wall and is defined as part of 

the feedstuff not digested by mammalian enzymes (Moore and Hatfield 1994).  Its 

concentration is nowadays more precisely determined by fiber analysis as NDF.  The 

NDF method was developed by Van Soest and Wine (1967) and was intended to 

separate the feedstuff into two main fractions, a soluble fraction that is totally digested 

and an insoluble fraction that is incompletely and slowly digested in the rumen.  

Since the original NDF method was developed (Van Soest and Wine 1967), 

there were several modifications (Robertson and Van Soest, 1981; Mascarenhas-

Ferreira et al., 1983; Van Soest et al., 1991; Giger-Reverdin, 1995) before it received 

final approval as an official method in 2002 by the AOAC (Association of Official 

Analytical Chemists) (Mertens, 2002). 

 The NDF method is based on the ability of the detergent solution to solubilize 

cell matrix components, leaving just the fiber parts (cell wall) of the feed sample 

separated by filtration.  Filtration problems became the major barrier in this procedure 

until the development of a procedure using filtration in filter bags (Komarek, 1993a,b; 

Komarek et al., 1994a,b) in a semi-automated fiber analyzer with a pressurized 

chamber from ANKOM company (Ankom Technology Corp., Fairport, NY).  



3 

However, the system still is limited by the number of samples per batch that can be 

analyzed and the price of the pressurized chamber itself.  We developed a procedure 

for NDF and ADF analyses using the filter bags without the need of the special 

equipment (pressurized chamber) using a simple water bath. 

The objective was to compare both procedures using different harvests of 

ryegrass, rye and oats forage samples.  The hypothesis was that NDF and ADF values 

would not be significantly different between the water bath method and the ANKOM 

method.



4 

II. LITERATURE REVIEW 

 

Finishing cattle systems 

 

Historical aspects. Historically, in the early 1800s beef cattle in the United 

States were slaughtered soon after weaning weighing about 200 to 240 kg (Wilford, 

1951).  At that time, the meat had good acceptance by the consumer.  According to 

early publications the earliest mention of using corn for finishing cattle was in the late 

1890s (Ball, 1998), but the feed industry started finishing cattle using some level of 

corn in the early 1950s (Butler et al., 1956), and the proportion of corn increased very 

fast, getting up to 100% before the 1960s (Perry et al., 1956). Since then, the level of 

concentrate used ranged from 40 to 60% in the total diet dry matter at lighter weights 

getting up to 100% of concentrate for finishing beef cattle (Zinn et al., 1970; Wise et 

al., 1968). 

Researchers showed the advantages of finishing cattle using grain diets 

included increased ADG when compared with cattle finishing on grazing (Geurin et al. 

1954) or compared with an all forage diet (Oltjen et al., 1971), having more 

intramuscular fat (Craig and Blumer, 1956) or superior carcass quality (Oltjen et al., 

1971), and improved feed efficiency (Zinn et al., 1970).  Because cattle were finished 

with diets having so many different concentrate levels, including feeding supplements 
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on pastures (Oltjen et al., 1971), there was an increase in the type and quality of beef 

meat available.  To help the consumer compare the different types of beef the USDA 

published the first beef grading system in 1926 (Matsushima, 1995).  This system 

helped increase beef consumption in United States in years 1930 to 1953 (Corah, 

2008; Figure 1).  During the same period of time pork and beef were competing very 

closely to be the preferred meat in United States.  In 1953, beef passed pork in per 

capita consumption (Corah, 2008) and has sustained this position since then. Beef 

consumption reached a peak in 1979 (Figure 1), when it began to decline. Competition 

with poultry consumption contributed to the decrease in beef consumption. Health 

concerns over fat and cholesterol, also contributed (Purcell, 1998). In 1997, the total 

per capita consumption of poultry (chicken and turkey) exceeded beef per capita 

consumption. 

 

 

Figure 1:  US per capita meat consumption: boneless equivalent (Adapted from 

USDA, 2008) 
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Growing phase. 

 

Weaned calves normally are kept in a pasture system, but they also can be 

placed in a feedlot, for a growing phase before reaching a weight to start the finishing 

phase using a high-grain diet (Galyean and Goestch, 1993). Lewis et al. (1990b), in an 

experiment conducted to compare cattle performance in the feedlot immediately after 

weaning or after a growing phase on a pasture system showed that calves that were in 

the growing phase on pasture had 30% faster daily gain when in the feedlot but also 

45% higher daily feed intake which resulted in 10% poorer feed efficiency and an 

increased annual beef production by 37 kg per animal. Other studies, using a pasture 

growing phase, also showed an increase in beef production per cow by 27 kg 

(Janovick et al., 2004) and 79 kg (Hersom, 1999). Even though cattle performances in 

the feedlot following pasture during growing phase were less efficient, they produced 

a high quality carcass and consequently were more profitable (Lewis et al., 1990a).  

After the calves have been weaned there are different options used by the beef 

cattle industry in United Stated for a growing phase. However, the most commonly 

used are to  graze cool-season forages or feed a forage–based grower diet. 

 

Cool-season forages. Beef cattle production in United States is generally 

divided in three phases, cow-calf, stocker/backgrounding, and finishing systems. The 

objective of a stocker system is to support growth and development but not fattening 

in this stage. The reason for that is because it is normally cheaper to put on lean gain 
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rather than fattening the animal and get the animal to 300 to 350 kg of live weight 

when the animal is ready to move to the finishing phase. There are different types of 

stocker programs available to the producer. 

One option is to use small grains integrated as part of a crop-livestock system 

for stocker production. It can have some advantages as an improvement in nutrient 

recycling. Franzluebbers et al. (2001) showed that a greater accumulation of C with 

grazing was due to fecal excretion from animals rather than application elsewhere with 

hay harvest. 

A problem with the integration of crop-livestock is the general concern with 

the potential to increase the soil compactation caused by the cattle grazing. Diaz-

Zorita et al. (2002) concluded that grazing cattle in crop-pasture rotations compacted 

soil only under conventional tillage but not on no-tillage, suggesting that crop residues 

as small grains could be grazed without causing major compaction of soil if crops 

were established without tillage. 

The easiest way to integrate crop and livestock is to use the crop residues after 

the grain has been harvested; small grain as oats or wheat could be used this way. 

Clark et al. (2004) showed that no-tillage systems were still possible on integrated 

crop and livestock system, where grazing reduced only 5 to 25% of the amount of 

residues in the soil. In the southeastern USA, many crops have been investigated to be 

used in integrated crop-livestock systems, and some small grains that can be used 

include wheat, rye, barley and oats (Sojka et al., 1984).  
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Using oats for stocking cattle, Horn et al. (1995) reported an ADG of 0.96 kg/d 

at a stocked rate of 1.2 head/ha for 84 to 115 days during three winters. In a recent 

review done by Redmon et al. (1995) where wheat was grown as a dual-purpose crop, 

they reported no effects of grazing on grain yield. During years of good precipitation, 

tall winter wheat cultivars grazed prior to jointing increased grain yield but not 

semidwarf cultivars which are more sensitive to grazing. They concluded that taller 

wheat cultivars could be used in dual-propose and be grazed by livestock while 

producing grain similar to that of semidwarf. 

Hill et al. (2004) conducted a 3-year experiment using rye or ryegrass as cover 

crops during winter and compared grazed and ungrazed treatments. Using a stocking 

rate of 2.5 head (235kg ±12)/ha for 57 to 84 days, crop yields were not different with 

or without grazing, and cattle daily gains averaged 0.9 ± 0.1kg/head. 

In Alabama, using oat and ryegrass as winter cover crops under grazing on 

cotton and peanut production, Siri- Prieto et al. (2005), Gamble et al. (2005) also 

showed an ADG above 1 kg/head/day with no negative effects on cotton yields. 

Similarly in a preliminary data of Franzluebbers and Stuedemann (2004) in a 

two year experiment using two cropping systems (sorghum grain with rye as cover 

crop and wheat grain with pearl millet as cover crop) and two cover crop management 

(ungrazed and grazed by cattle), the result showed that cattle grazing in those systems 

had no negative effect on the subsequent grain crop production. Cover crop was 

grazed for 60-90 days and the average stocking rate was 4.45 head/ha depending on 

forage availability and cattle performance averaged 1.54 kg/head/day. 
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Another common use of small grain is interseeded into a warm season pasture 

to provide pasture year-around for stocker cattle (Coulibaly et al., 1996). Among the 

experiments conducted to evaluate the performance on the grazing program for small 

grains, there was large variation in ADG. Cleere et al. (2004) reported that steers 

grazing rye with ryegrass gained from 1.01 to 1.28 kg/d. Horn et al. (1995) used steers 

grazing wheat without supplementation; these gained from 0.80 to 0.97 kg/d over a 3 

year period. Gadberry et al. (2004) reported ADG in heifers grazing wheat with 

ryegrass interseeded into bermudagrass averaged 0.74 kg/d. Beck et al. (2007) 

reported a range from 0.89 to 1.33 kg/d across rye, oats, and wheat pasture interseeded 

into bermudagrass. 

The use of annual cool-season pastures as wheat in double purpose is possible 

without decreasing grain productivity and achieving 1kg of ADG if the grazing does 

not reach the apical meristems heights (Donnelly and McMurphy, 1983).  

 

Forage-based grower diet. In the United States, beef calves normally are 

weaned at approximately 8 months of age, and they are managed to grow at around 0.5 

to 1.0 kg/d on a forage-based diet.  During this period there are several options 

available to the producer.  A large number of different pasture species are available in 

the southeastern U. S.  In northern Alabama, Mississippi, Georgia, and South 

Carolina, tall fescue is the predominant forage source.  In the lower South other 

forages are available such as bermudagrass, bahiagrass and dallisgrass; although those 

pastures are mainly used by the cow herd (Hoveland, 1986). 



10 

Tall fescue provides forage during 8-10 months of the grazing season leaving a 

gap of 2 to 3 months when it is necessary to feed hay (Chamblee and Spooner, 1985). 

Also, warm season grasses such as bermudagrass or bahiagrass can be used during the 

summer, but they are dormant during the winter, requiring a long period of hay 

feeding unless they are over-seeded with cool-season annual grasses. In Southeast the 

main sources of forage for hay production are bermudagrass and tall fescue 

(Hoveland, 1992). 

Another option for a forage-based growing program is the use of crop residue 

during the winter months.  The use of wheat residue as an annual cool-season pasture 

can provide up to 1 kg of ADG (Donnelly and McMurphy, 1983). 

The utilization of a feedlot system with a high roughage diet is another way to 

conduct a forage based growing program, however, due to the high fixed cost and the 

low gain provided by the high roughage diet this system usage is limited (Lake, 1987). 

 

Finishing 

 

In middle of 1960s the system of finishing cattle through feedlot by the beef 

cattle industry became very popular in USA. At the same time, per capita consumption 

of beef increased, and corn-based feedlot systems also start to grow in number and in 

size from 3,500 cattle feedlots in the 1940s (Matsuchima, 1995) to 100,000 in 1968 

(Corah, 2008). Concurrently the beef cow population increased 75% from 1960 to 

1975, going from 26.3 to 45.5 million head (Hodgson, 1977) due to a greater number 
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of calves and yearlings going to feedlots at younger ages resulting in more pasture 

acreage available for cows. 

Therefore, grain-fed beef was prevalent in supermarkets in the United States 

and consumers became used to the flavor profile, juiciness and tenderness grain-fed 

beef (Schupp et al., 1980). Demand for beef meat began to decrease after its peak in 

1979 (Figure 1). According to Purcell (1998) the reason was a change in consumer 

preferences for low fat and low cholesterol foods, a desire for meat with more 

consistency, and as foods that were convenient and easy to prepare became more 

popular. 

 

Feedlot using high-grain diet. Today, the feedlot system is the most 

traditional way to finish beef cattle in the United States (Taylor, 1984). Feedlots are 

feeding operations that feed cattle primarily a high concentrate diet to finish the 

animal prior to slaughter during, on average, 90 to 150 days, but the cattle can be fed 

to more than 200 days if calves go directly from weaning to the feedlot and receive a 

high concentrate diet. 

There are several feeding programs that are available to the producer today. 

The choice of the feeding program depends on different factors such as the initial 

weight of the cattle, the desired finishing weight, age, sex, amount of feed available 

for the animals in the area, and the cost of the available feeds. The feeding program 

can be as simple as using a roughage source like corn silage mixed with some protein 

or mineral supplementation (Perry and Cecava, 1995). 
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A more complete feeding program for a feedlot system can include different 

levels of concentrate and roughage in the diet.  Normally cattle start on a low level of 

concentrate in the diet which is increased as the cattle progress in the feeding period. 

The change in level of the concentrate and roughage in the diet can be from 2 to 4 

times during the feeding period. The formulation of the diet is done utilizing least cost 

or highest gain programs depending on the needs and options of the producer. In the 

more complete feeding programs, the main goal is to optimize feed intake and 

maximize gain with the least cost possible. The feed bunk is managed in order to 

reduce feed waste and improve feed intake. Animals are fed 2 to 3 times a day aiming 

optimal DM digestibility, improving ADG and animal performance (Simpson and 

Farris, 1982). 

Calves are normally fed initially with a high roughage diet to slow the weight 

gain in order for the animal to develop without fattening at a young age. Otherwise 

those animals may finish at lighter weights than desirable. Therefore, starting at lower 

levels of concentrate in the diet and increasing as the animal matures will permit 

fattening the animal to the desired level (Taylor, 1984). 

Cattle that start in a feedlot around 300 to 350 kg are normally fed a higher 

concentrate level diet to be finished as quickly as possible because those animal have 

already grown to a level that allows them to deposit fat and be finished at the desired 

weight (Perry and Cecava, 1995). 

Concentrate levels in the diet in feedlots can vary from 0 to 100%, but 

generally a diet ranges from 60 to 90% of concentrate.  At least some roughage needs 
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to be added to the diet in order to avoid metabolic diseases such as bloat and acidosis 

(Owens et al., 1998). Also, addition of minerals and vitamins is a common practice in 

commercial feedlots, accounting for a low percentage of the diet (Vasconcelos and 

Galyean, 2007). 

 

Forage finishing 

 

Consumer interest. Finishing cattle in a forage system in general has a 

limitation in performance due to a low energy intake which is overcome by any energy 

supplementation (Fontenot et al., 1985). The use of grain as a supplement in forage 

finishing systems had been done in the 1960s and 1970s as a method to decrease the 

time spend in the finishing phase in a forage system (Hoveland and Anthony, 1977) 

and to increase ADG (Allen et al., 1996; Berthiaume et al., 2006). But the result in 

terms of increasing ADG failed when high quality forages were used (Hoveland and 

Anthony, 1977) and also when feeding a high energy diet in a feedlot was compared to 

grain being fed in a forage-finished system (Coombs et al., 1990; Allen et al., 1996). 

In both studies cattle finished in a feedlot system were heavier than those finished in a 

grain supplemented forage system which also had more year to year variance 

depending on season. But in some years the result in terms of profitability is greater 

for forage system compared to feedlot system.  

Finishing cattle in a forage system alone is possible and requires high quality 

pasture with a high level of pasture management to achieve a reasonable ADG in order 
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to decrease the time needed to reach a slaughter weight and the USDA choice grade. It 

is also important to consider the weather variability which can affect the forage 

availability in drought years in addition some carcass characteristic as yellow fat, 

which is undesirable is some market place as in US, been reported to be greater in 

forage finished beef compared with concentrate finished beef (Crouse et al., 1984 and 

Duckett et al., 2007).  

The grass-fed beef market has developed into a legitimate marketing option 

with incentives attractive enough to justify consideration. Generally, “certified grass-

fed” cattle have received premiums ranging between 10 to 15% more per cwt for 

feeder cattle, depending upon location, quality and quantity (Prevatt et al., 2005).  

The U.S. Department of Agriculture has put in place a set of national standards 

that food-labeled grass-fed cattle must meet. Grass-fed meat comes from animals that 

are fed from several categories of forage – Grass (annual and perennial), forbs 

(legumes), browse forage, or stockpiled forages, and post-harvest crop residue. In 

summary grass-fed beef should have at least 80% of the energy required for their 

lifetime maintenance and growth provide from a forage source. The only exception 

would include milk consumed prior to weaning (Federal Register, 2002). 

On October 15, 2007, the USDA established a standard definition for "grass 

fed animal". It claims continuous access to pasture and prevents animals from being 

fed grain or grain-based products. The USDA published the definition: “Accordingly, 

the grass (forage) fed marketing claim will only apply to ruminant animals whose diet 

throughout their lifespan is derived solely from grass (forage), with the exception of 

http://en.wikipedia.org/wiki/October_15
http://en.wikipedia.org/wiki/2007


15 

milk consumed prior to weaning. AMS realizes that incidental supplementation may 

occur due to inadvertent exposure to non-forage feedstuffs or to ensure the animal‟s 

well being at all times during adverse environmental or physical conditions. If 

incidental supplementation occurs as described above, the producer must fully 

document (e.g., receipts, ingredients, and tear tags) the incidental supplementation that 

occurs including how much, how often, and what was supplemented. The producer 

must maintain sufficient records of the animal‟s diet for the lifespan of the animal to 

demonstrate compliance with the requirement that, throughout its lifespan, the 

ruminant animal‟s diet is derived solely from grass and forage, with the exceptions 

previously discussed”. (Federal Register, 2002).  

 

Forages that fit a forage finishing system. Very few cattle are finished in the 

southeastern United States (USDA, 2008) even though the climate and soil conditions 

are considered very good for year round forage production, and the opportunity exists 

for forage-finishing systems. 

To be economical, finishing cattle in a forage system requires a high quality 

forage with good DM digestibility which would allow good intake and an acceptable 

ADG (Hodgson 1977). 

In the southeastern US, tall fescue is well established and has been used as 

forage source for beef cattle production, but it is often infected with a fungus 

(Morgan-Jones and Gams, 1982), which decreases animal performance (Hoveland et 

al., 1980) Some research has shown that for each 10% increase in the percentage of 
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infection there is a decrease of 45g in ADG (Crawford et al., 1989). Several 

techniques have been used to minimize this problem. The use of a legume with tall 

fescue has been reported to increase animal performance (Hoveland et al., 1981; Allen 

et al., 1996).  

Allen et al. (1996) conducted a 7-yr experiment to study the previous forage 

species (tall fescue or orchard-grass with and without legume) on performance of 

cattle during the finishing phase on feedlot. They found no carryover effects of fescue 

on later performance in a feedlot which was in agreement with others (Tulley et al., 

1992). Hancock et al. (1987) found no carryover effects when infection rates were 

between 17 and 77%, but in some cases (Allen et al., 1996) cattle still finished at a 

lighter BW after feedlot finishing, probably due to lack of compensatory gain in the 

feedlot finishing phase. 

Another option would be the use of entophyte-free tall fescue which has been 

shown to provide an ADG close to 1 kg/d (Pederson et al., 1986). Pederson et al 

(1986) provide information that some high quality pastures, especially ryegrass, can be 

used in the southeast of U.S. to produce beef from forage finished system in different 

seasons of the year providing forage fed beef for local needs. 

The main challenge for a good finishing program is to obtain good gain, 

because daily gain is correlated to good carcass quality (Bowling et al., 1978; Mott, 

1976). The primary reason for having a good ADG is to increase the carcass quality 

grade (USDA, 1989). 
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The majority of warm season perennial forages have not been shown to be successful 

in a forage finishing beef cattle system due to the slow gains of animals on those 

forages. Coastal bermudagrass, for example, supports slow ADG because of its low 

nutritive quality (Bagley, 1984). Genetic improvement of bermudagrass pastures has 

provided some improvement in ADG; Tifton 78 has been reported to provide gains of 

0.77 kg/d from April to October in southern Georgia (Hill and Utley, 1985). The most 

recent bermudagrass hybrid is Tifton 85, an F1 hybrid from a common bermudagrass 

line and Tifton 68 (Burton et al., 1993) that was selected for improved cold tolerance 

and improved digestibility.  In a 3-yr trial that averaged 169 days of grazing (Hill et 

al., 1993), Tifton 85 produced 46% more gain per hectare than Tifton 78 (1,156 vs 789 

kg) and 38% more grazing days per hectare (1,823 vs 1,319), but the ADG was not 

different (0.67 kg vs 0.65 kg).  Early-weaned calves weighing 190 kg averaged 

gaining 0.42 kg/d with no supplementation and 0.65 kg/d when supplemented (14% 

CP and 70% TDN) at 15 g/kg BW (Vendramini et al., 2007).  Tifton 85 has been 

shown to produce more gain per hectare than Tifton 78 due to its high dry matter yield 

and improved digestibility, but daily gains still are considered low for a forage-

finishing program. 

Another option would be the use of summer legumes such as alfalfa which 

supported daily gains of about 1 kg/d during the summer (Schmidt et al., 1985). Those 

authors conducted a trial from April to September and reported an ADG of 0.98 kg/d 

obtained from alfalfa pastures. This is important because it is the period when cool-

season forages are not available for animals on forage finishing programs. 
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One of the best options for finishing beef cattle on pastures is the use of cool-

season annual or perennial forages that would provide a good ADG for forage finished 

beef cattle on an all forage system (Hoveland, 1984). Small grains as rye or oats could 

be used in the southern U.S.; they have been shown to provide gains greater than 1 

kg/d (Utley et al., 1975). Also a combination of those small grains with a perennial 

cool-season forage and legumes like rye, ryegrass and clover has been showed in 

Alabama to provide a long grazing season of more than 200 days with ADG of almost 

1 kg/d (Hoveland and Anthony, 1977).  

Bagley et al. (1988) reported a large number of winter and summer annual 

forages that can be used for beef cattle finishing systems, including rye, ryegrass, 

wheat and some clovers. Bransby et al. (1997) reported gains of 1.2 kg/d for steers 

grazing Marshall ryegrass during a 132 d grazing season. 

 

Potential forage-finishing systems. Small grains are examples of cool-season 

forages utilized in forage-finished beef cattle systems. The immature grain has high 

starch content. Starch is readily available and soluble (Van Soest, 1994), but it also 

depends on the type of starch. Some research have reported that although at least 90% 

of starch in small grains is fermentable in the rumen, up to 40% of corn starch can 

escape rumen fermentation (Orskov, 1986). Starch can be broken down and absorbed 

in the small intestine via pancreatic amylase, but this ability is limited in ruminants. 

Very large quantities of starch in the small intestine will overcome this route, resulting 

in starch passing through the animal undigested. A complex matrix in the seed coat of 
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small grains contributes to rumen escape fermentation. Some processing methods for 

grains such as steam flaking and grinding and high moisture fermentation ruptures the 

matrix, releasing starch and enhancing rumen fermentation of the starch (Owens et al., 

1986; Orskov, 1986). This could be what is happening with an immature grain in 

graining situation. 

 

Climatic and farm characteristics in southeastern of United States. The 

Southeastern United States is a warm, humid region defined based on mean annual air 

temperature ≥12ºC and mean annual precipitation ≥750 mm. 

The weather plays a very important role in cropping and grazing cycles. The 

advantage of this climate condition for small grains is the possibility of having a long 

growing season that extends into winter with small grain crops. 

The entire 11 states of the southeastern United States (AL, AR, FL, GA, KY, 

LA, MS, NC, SC, TN, and VA) occupy approximately 20% of the land, 12% of the 

total farmland area, and has 26% of the total number of farms in the entire United 

States (USDA National Agricultural Statistics Service, 2004).  

About 80% of the farms in the southeastern United States have cropland, 41 % 

have pasture and 53% of the farms have cattle (16% of the cattle in the USA). The 

most important small grain crop is wheat with average yield in 2002 of 4.1 ton/ha for 

wheat for grain or 4.9 ton/ha for harvested hay. The farms would normally have a 

diversity of agricultural enterprises (USDA National Agricultural Statistics Service, 

2004).  
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Modifying the way pasture and crops are managed would have a large impact 

on overall production levels in this area. If just 10% of the cropland were converted to 

grazing pasture, there could be an increase of 367 thousand and 59 thousand beef cows 

in the Southern Coastal Plain and the Southern Piedmont, respectively, according to 

Stuedemann et al. (2003). The authors predicted that the loss in crop production could 

be regained due to higher productivity in the remaining area through rotation benefits, 

plus additional benefits in decreasing cost of crop production and increasing profit 

through animal sales. 

 

Forage utilization by ruminants 

 

Plant response to grazing by cattle. In a forage grazing system for beef cattle, 

it is important to understand some grazing principles in forage management, because 

forage is going to be the only source of energy to support growth.  It also is important 

to understand some basic concepts of plant physiology to best utilize the available 

forage. The sources of energy in the plant important for animal growth are starch, 

sugars, protein and cell wall content.  Plants do not get food for themselves for their 

maintenance and growth from the soil; they are dependent on photosynthesis to 

produce energy which plants convert from the sun using CO2 from the atmosphere and 

minerals and water from soil to produce their own nutrients for maintenance and 

growth (Holechek et al., 2004). 



21 

In the grazing system, cattle remove leaves from the grass; therefore, the 

photosynthetic capacity of the plant is reduced due to the reduction in the amount of 

leaves exposed to the sun light. The photosynthesis rate is proportional to the leaf area 

exposed to the sun light. Therefore, defoliation affects forage production (Bedunah 

and Sosebee, 1995). 

A certain amount of leaf area is necessary for optimal photosynthesis. Even 

though the grass reserves a considerable amount of nutrients in the roots, some plants 

need at least 50 to 70% of the leaves and stem left on the plant for optimum 

metabolism (Owens et al., 1998). Therefore, the most important effect that grazing has 

on the plant is the reduction in metabolic reserves (Launchbaugh, 1957).  The 

importance of this reserve is illustrated by research showing that defoliation of plants 

during their dormancy period can reduce herbage mass production similar to the 

reduction occurring during the normal active growth period (Galt et al., 1999). 

Other research has shown that some degree of grazing can increase plant 

productivity by removing the apical dormancy of the plant (McNaughton, 1979). This 

is called the grazing optimization theory that is supported by other authors (Owens and 

Wiegert, 1976). This theory states that plants with genetic resistance to grazing can 

benefit from it, and the production of the plant increases up to a certain level of 

grazing intensity before it starts to decrease due to heavy grazing intensity (Hilbert et 

al., 1981). 

The consequence of grazing is dependent upon the amount of photosynthetic 

material removed.  For example, if grazing removes only leaves, the defoliation effect 



22 

on growth and the vigor of plant is minimum (Vallentine, 1990).  However, if the 

grazing is so heavy that defoliation decreases a large proportion of the canopy, then 

plant photosynthesis rate and growth rate are reduced significantly, and regrowth of 

the plant is compromised (Briske and Richards, 1995). Briske and Richards (1995) 

also suggest that after grazing defoliation, the plant continues to grow due to 

translocation of energy from the stems, which results in an increase in photosynthesis 

rate. 

Plants are more dependent on photosynthetic tissue than on root reserves of 

soluble carbohydrates. Richards and Caldwell (1985) reported that carbohydrate 

reserves in wheatgrass and bluebunch wheatgrass were equivalent to the energy 

produced by photosynthesis in 3 days. Other research, Deregibus et al. (1982) and 

Coyne et al. (1995) showed that different forage species use only small proportions of 

carbohydrate reserves for regrowth after clipping. This is the main reason why it is not 

recommended to overgraze any type of grass. 

Grazing intensity, represented by stocking rate, affects the way plants are 

defoliated (Hart, 1978).  When the stocking rate of a pasture increases, selectivity will 

decrease, and animals will be able to select less what they eat.  Therefore, the 

defoliation of the grass increases, the sward morphology and composition of the plant 

is modified, affecting the regrowth of those plants (Matches et al., 1981). 

 

Grazing behavior. Grazing behavior was heavily studied during 15 years after 

1950s. It was observed that ruminants select a diet when grazing which was different 
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from a hand clipped diet forage sample (Lofgreen et al, 1956; Edlefsen et al.1960). 

The selective grazing concept lead to the development of the esophageal cannula to be 

applied in those studies in order to typify the diet selected from pasture (Bath et al., 

1956; Cook et al., 1958; Blaser, 1964). Those trials led to the development of new 

concepts in terms of cattle management to be based on pasture characteristic which is 

influenced by the forage vegetative stage throughout the year (Raleigh, 1970), the 

grazing pressure and the relationship between the ADG and gain per area (Bryant et 

al., 1970). 

The diet selected is different among species, and there is integration of this diet 

to its fermentation and passage rate in the animal gastrointestinal tract (Huston, et al., 

1986). The initial particle size reduction was reported to play an important role in 

forage digestion; ryegrass was easily disrupted compared with Coastal bermudagrass 

(Pond et al., 1984).  

 

Forage quality and intake. Forage is made of cells that are very unique 

because it contains a very wide cell wall composed of polysaccharide rich in lignin 

complex and intracellular content. The intracellular content is considered almost 

completely digestible (Van Soest, 1994), and also the digestibility of this part does not 

change as forage grows and ages. On other hand, chemical structures in the forage cell 

wall (Nelson and Moser, 1994) changes as plant grows; the biggest change is the 

increase in fiber content as a percent of the entire forage.  
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In terms of chemical structure, there are several types of fiber in forage, and 

these influence the digestibility. The fiber faction that is considered essentially 

indigestible is lignin. Lignin increases rapidly as the plant matures and makes the 

digestibility of the whole plant decease, particularly when the plant reaches its 

reproductive stage. Not only does the amount of lignin influence the quality, but also 

its structure influences forage quality as well as the complex association of lignin and 

other cell walls constituents (Jung, 1989). In general, when fiber content increases the 

digestibility decreases and so does animal gain, but the only way to measure the true 

value of the forage is through animal performance (Van Soest, 1994). 

 

The plant cell wall. The cell wall is formed of carbohydrate, which can be 

divided in many fractions: Cellulose, hemicelluloses and lignin. Those are measured 

chemically as NDF and give the forages the structure needed to grow straight. This 

strength that gives sustainability to the plant makes it very difficult to be digested. The 

digestion rates of NDF are very slow, around 3 to 12%/hr (Mertens, 1992).  

The nonstructural carbohydrates (NSC), is another term for the cell contents. 

They are not part of the cell wall or structural portion of the plant, and so are more 

easily and rapidly digested than the cell wall. The NSC is composed of carbohydrates 

for storage or reserve such as starch, which is the principal carbohydrate storage form 

in plants specially in small grains, and fructosans, which are the main storage 

carbohydrates in grasses such as ryegrass (Moore and Hatfield, 1994). 
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A part of the cell wall that is an exception in terms of solubility are pectins. 

Pectins are usually soluble and quickly fermented in the rumen; therefore, they are 

considered soluble fiber and measured as part of NSC. Pectin is mostly dissolved by 

neutral detergent fiber (Van Soest, 1994); therefore, it is not measured in NDF. In 

grasses there are also beta glucans which are soluble in NDF. Therefore the NSC is 

defined as sugar, starches, pectins as glucans (Nocek and Russell, 1988). 

 

Forage quality components. One way to understand forage quality is to 

identify the quality component in different parts of the plant.  The leaves usually have 

the most digestible nutrients in a plant compared with the stems in all kinds of grazing 

plants like grasses, including C3 or C4 or legumes (Jung et al., 1993). 

Animals lack the enzymes essential to digest the cell wall, but they have the 

enzymes to digest the cell contents (Van Soest, 1994). Microorganisms in the 

ruminant stomach are able to digest the cell wall and degrade the carbohydrates of it 

into simple sugar such as oligosaccharides, disaccharides or monosaccharides. The 

microorganisms use these simple sugars for growth and reproduction, forming 

bacterial mass releasing VFAs, which pass through the rumen cell wall and are used 

by the animal itself (McDonald, 1988). 

 

Pasture yield and forage mass determination. Forage quantity and quality 

reflects the performance of grazing animals. Forage production can be represented by 

the animal gain per unit of area. The number of animals per unit area can be kept 
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constant, which doesn‟t allow the investigator to determine the full potential of the 

forage, or the number of animals can be adjusted in order to maintain a certain level of 

forage mass production. This later is called put-and-take stocking method. In this 

method, some animals are kept on the treatment paddock during the entire grazing 

season; they are called test animals. Other animals are kept in an adjacent paddock 

grazing similar forage and are added or removed as needed in accordance to the forage 

production in the pasture (Burns, 2006). 

Herbage mass determination is important in a grazing trial due to its high 

correlation to livestock production (Guerrero et al., 1984). Therefore, it is necessary to 

carefully monitor forage mass availability and quality when studying animal 

performance on grazing trials (Gonzales et al., 1990).  

There are two main methods for measuring forage mass: the non-destructive 

methods and clipping methods. The non-destructive methods are represented by three 

types: measurement of plant height, disk metter, and capacitance meter. Plant height is 

the measurement of the canopy height using a meter stick, and its relation to 

production; it requires a special regression equation for each plant species to associate 

forage height with forage mass (Whitney, 1974). Disk meter is based on the 

measurement of the height of a weighted disk which is recorded after the disk is 

dropped from a determined height (Bransby et al., 1977). This also requires a 

regression equation to associate disk height to forage mass. 

Clipping methods are based on harvesting the above ground material from a 

specific measured area and measure the amount of forage harvested. This procedure is 
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repeated in the pasture to make the sample representative of the area being evaluated. 

The collected material is weighed, oven dried and weighed again to determine DM 

amount and DM percentage. This procedure can be performed by hand clipping or 

machine clipping (Wilm et al., 1944). 

The advantage of the non-destructive methods is the possibility of collecting 

several number of samples in a short period of time. The disadvantage is that due to 

the forage variations caused by changes in climate, age, species, and other factors 

(Mitchell, 1982) as well as different sampling techniques and sward structure 

(Greathead et al., 1987), and changes in management or environment conditions, those 

methods require constant calibration to maintain its accuracy (Gonzales et al., 1990). 

The clipping methods provide greater accuracy with higher reliability. Therefore, 

clipping methods are recommended when the objective is to measure forage mass with 

accuracy. 

 

Lab analysis. The measurement of forage quality in pastures is difficult 

because intake cannot be controlled or measured with precision. The efficiency of 

utilization of nutrients is even harder to determine. Therefore, laboratory tests and in 

vivo and in vitro digestibility trials are used with the intention of determining forage 

quality. 

The oldest and most widely used laboratory procedure is the proximate 

analysis. The methods were developed by Henneberg and Stohmann in 1865 at the 

Weende Experimental Station in Germany and is sometimes called the Weende 
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System (Lloyd et al., 1978). Its main idea was to separate carbohydrates into the less 

digestible portion called crude fiber and the more digestible fraction called nitrogen 

free extract (NFE). The system also is used to determine water (moisture), ash, crude 

fat (ether extract), and crude protein. The NFE fraction is not determined directly but 

is determined by difference. The main purpose for the development of this system was 

to provide a tool to compare different products using the same set of laboratory 

procedures. To determine forage quality one needs to use laboratory results to predict 

animal performance. The proximate analysis system can be used to predict some 

factors related to performance, but it has deficiencies that prevent it from being a 

feasible tool (Galyean, 1997). 

This system has the advantage of being a simple and relatively inexpensive 

way of having an idea of feed composition. But, because its ether extraction removes 

fats, waxes and other fat soluble materials, it may result in a fat content higher than it 

really is. Another concern is that Kjeldahl analysis assumes that all proteins contain 

16% nitrogen, all nitrogen is in the protein form, and all the protein is digestible in the 

feed. Not every time those assumptions are true, and one may overestimate protein in 

a sample. The fiber method utilized is reliable for nonruminants, but because it doesn‟t 

distinguish between cellulose and hemicellulose (fermentable fraction) and lignin 

(nonfermentable fraction), it is of limited value for ruminants. Another weakness of 

the system is that the calculation of NFE will pull together the possible errors 

described above. Another deficiency of the technique is that it does not determine 

minerals and vitamins present in the sample (Gaillard, 1958). 
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Van Soest (1965) suggested a division of the dry matter of forages into two 

fractions, a digestible fraction made up of soluble cell contents, and an undigestible 

fraction that is insoluble and partially available made up of the cell wall constituents. 

In order to measure those two fractions Van Soest et al. (1991) developed sequential 

procedures that divides the forage in different components. Neutral Detergent Fiber 

(NDF) is the first fraction determined and represents as the name suggested the portion 

that is not soluble to neutral detergent solution. This fraction of the forage is broadly 

related to intake (Van Soest, 1965; Van Soest and Mertens, 1977). 

NDF represents all the fiber of the sample, but the pectin substances in the cell 

wall are extracted; therefore, the method has a deficiency in determining cell wall 

constituents in legumes rich in pectin. If there is heat-damaged protein in the sample, 

the NDF method will partition it into the fiber portion. Those two disadvantages have 

to be taken into account if one wants to determine the cell wall as a biological 

structure, but shouldn‟t be a problem for ruminant nutrition, because the interest is in 

finding out the incompletely digested fiber (Jung, 1997).  

Acid Detergent Fiber (ADF) is the next fraction and it represents the portion 

that is not soluble in an acid detergent solution. ADF is utilized to predict digestibility. 

ADF comprises cellulose, lignin and ash. As a disadvantage, ADF has been proven to 

under-estimate lignin, principally in grasses because a significant portion is solubilized 

(Jung, 1997). 
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Ruminal fiber digestion, forage quality, and intake. The cell wall digestion in 

the rumen has two important limitations that affect the rate of ruminal fiber digestion: 

the pH and physical chemical interactions among cell wall constituents. Ruminal pH is 

important in affecting fiber digestion through its influence on the cellulolytic bacteria 

activity, more specifically on growth rates of the bacteria responsible for the fiber 

digestion (Van Soest, 1994).  

Each type of bacteria has an optimal pH range for growth, and for cellulolytic 

bacteria the optimal pH in the rumen is greater than pH 6.5 (Russell and Wilson, 

1996).  The pH in the rumen is so important that for each 0.1 unit decrease between 

pH of 6.5 to 6.0, the specific growth rate decreases 14%/hr. Even more important, 

when pH decreased below 6.0 the cellulolytic bacteria stop growing. According to 

research conducted by Russell and Wilson (1996) it probably is due to an inability of 

the cellulolytic bacteria to regulate the concentration of intracellular anion at a lower 

ruminal pH. 

Another important limitation to the rate of fiber digestibility is the availability 

of the substrate to the cellulolytic bacteria in the rumen, which can affect the specific 

growth rate of those specialized bacteria. A substrate used by the cellulolitic bacteria 

is the cell wall, or more particularly the cellulose fibrils. Cell walls are made up of a 

matrix of fiber composed of hemicellulose, lignin, pectins and extensions, cemented 

together with the cellulose fibrils (Hatfield, 1993). The problem with it is the 

enormous barrier to the cellulolytic bacteria to access this matrix because of the 
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physical/chemical connections of hemicellulose and lignin with cellulose (Hatfield, 

1993). 

There is strong evidence showing cellulose and xylan are directly linked by 

hydrogen bonding, and the linkage to lignin makes cellulose less available to 

cellulolytic and hemicellulolytic enzymes and thereby increases the resistance of 

forage cell walls to microbial attack and digestion, making it important that enzymes 

able to cleave xylan are available in the rumen (Iiyama et al. 1990; Lam et al. 1990). 

But cellulase and xylanase enzymes have been shown to be produced by the 

cellulolitic bacterium Fibrobaster succinognes in the rumen (McDermid et al., 1990). 

These enzymes cleave the majority of bonds found in cellulose and hemicellulose 

making the F. succinogenes one of the most important fibrolytic bacteria in the rumen 

(Cheng et al. 1991; Stewart and Flint, 1989).  

Forage Intake.  The first method to estimate dry matter intake (DMI) in 

pasture was developed by Garrigus (1935), and Hinman (1937) suggested the use of 

ADG as a measurement of pasture yield. 

An estimation of a DMI is needed to determine the nutrients ingested by the 

animal which is considered the most important single factor that influences ADG 

(Mertens, 1994), but it is much more difficult to measure in a grazing system than in a 

feedlot system (Reeves et al., 1996). There are several techniques that can be used to 

estimate the DMI in a grazing animal. It can be estimated from animal gains or from 

the forage characteristics or indirectly measured through the use of internal or external 

markers (Lippke, 2002). Although any of those methods are only a way to estimate the 
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intake and are not free of errors (Burns et al., 1994), it is possible to obtain a 

reasonable measurement of the amount of forage consumed in a grazing experiment 

(Lippke,. 2002).  

Macoon et al. (2003) in an experiment conducted to compare three methods 

(Pulse-dose method, herbage disappearance method and animal performance method) 

concluded that the pasture sampling method was more closely related to the animal 

performance method than the pulse-dose method which varied more, but was not 

conclusively affirmed less acceptable than the other methods. 

The decrease in DMI with increased forage maturity has been proposed to be a 

chemical effect mainly due to a decrease in nutrients and palatably and also a physical 

effect due to decreased breakdown and passage rate (Weston and Poppi, 1987). 

Dry matter intake (DMI) is one of the most important factors in balancing diets 

in forage-fed animals because a good estimation of DMI is necessary to predict gain 

(Fox and Black, 1984) and to use in equations for predicting nutrient requirements 

(NRC, 2000). Several factors affect DMI which makes prediction of intake the 

weakest point in all models of diet formulation especially in grazing animal (NRC, 

2000). 

 

Factors Affecting DMI. Some factors affecting DMI have been studied more 

frequently (physiological factors such as initial weight in the feedlot; environmental 

effects such as temperature, mud and wind; and diet effects such as forage quality and 

quantity; and time effects for eating and ruminating) than others (like hormones and 



33 

metabolites such as somatomedin, glucose, insulin or brain factors such as the 

hypothalamus and pituitary) because they are easily measured and can be included in 

prediction equations.  

 

Forage factors. With a grazing system, factors related to the forage itself, for 

obvious reasons, is the most important because the quantity and quality of any forage 

can affect DMI (NRC, 2000). Forage availability has been shown to affect DMI.  

Rayburn (1986) in a review suggested that DMI was maximum at 2,250 kg of DM/ha 

or at a forage allowance of at 40g of organic matter/kg BW, but McCollum et al. 

(1992) working with a small grain reported a maximum DMI at 1,247 kg DM/ha or an 

allowance of 300g DM/kg BW.  

The NRC (1987) suggested that DMI decreases to 60% of the maximum at 

450kg of DM/ha or at a forage allowance of 20 g OM/kg BW.  Rayburn (1986) also 

reported a reduction of ADG when forage utilization reached 40% or more, but the 

maximum gain/area was reached at 80%.  In other words, animal performance 

decreases as the stocking rate increases up to 80% of relative forage utilization.  This 

is due to selective grazing, since cattle eat a larger amount of growing forage 

compared with senescent forage (Minson, 1990). 

Another forage factor reported to affect DMI is the protein content in the 

forage, especially if the protein content is below 6 to 8% of DM (NRC, 1987).  In a 

trial using paired hay supplemented with soybean meal in calves (250kg) and steers 

(400kg), DMI increased as CP increased from 5 to 8% (Guthrie et al., 1984). Fox et al. 
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(1988), using corn silage in calves from 150 to 250 kg, reported that DMI increases as 

CP increased from 8 to 11%, reaching a plateau with no further increase up to 14%.  

Milford and Minson (1965) also reported an increase in DMI as CP increased from 2 

to 8% in tropical grasses reaching a plateau between 8 and 14%. The NRC (1987) 

predicted a response in DMI when CP is below 6 to 8% in a diet. 

Another forage factor reported to affect DMI is the cell wall content. Osbourn 

et al. (1974) using 56 types of forage fed to sheep found a relationship between 

organic matter intake and cell wall content. The organic matter intake decreased as the 

cell wall content increased.  There was more variation in intake when forage cell wall 

content was less than 45%. 

Several theories of DMI regulation have emerged.  Three primary theories are 

accepted today:  1) the physical theory based on fill, 2) metabolic constraints, and 3) 

the integration of fill and metabolic constraints. 

The physical theory is based on the observation that forage intake normally is 

less than the optimal amount of energy needed by the animal (NRC, 1987). This is due 

to rumen space, limited time for eating, and rumination. Because NDF ferments 

slowly and is retained in the rumen, it has a filling effect and has been found to be the 

best single chemical predictor of DMI (Van Soest, 1973). However, many other 

factors affect fill.  These include rate of digestion at any digestion site (Gill et al., 

1969), particle size (Welch, 1967), chewing frequency and rumination (Forbes, 1986).  

The latter is because ruminants are not likely to spend more than 9hr/d ruminating 

(Welch, 1982). Even the lower tract fill and fecal output can limit DMI (Demarquilly 
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et al., 1965).  The discovery of rumen receptors and the relationship of cell wall 

contents to intake support the theory of physical fill (Leek and Harding, 1975). 

The metabolic constraints theory came from a version of nonruminant intake 

theory and is based upon a concept of satiety (Forbes, 1988). According to this theory, 

the animal is going to eat until the metabolic requirement (energy) is reached (Dinius 

and Baumgardt, 1970).  The theory in ruminants is that the VFAs (volatile fatty acids) 

stimulate the secretion of CCK (cholesystokinin) from the hypothalamus causing the 

cessation of eating (Illius and Jessop, 1996). 

The Integration of the two theories mainly says that the specific situation can 

promote one factor to become dominant, such as fill for pregnant animals and in 

animals fed lower quality forage, or metabolic when feeding a high concentrate diet 

(Forbes, 1986; Forbes, 2003). 

Equations to predict intake are not accurate because the factors that regulate 

intake are not fully understood or can‟t be placed in an equation (Forbes, 2003). Most 

equations just use energy concentration to account to gastrointestinal fill (NRC, 1984; 

ARC, 1980), energy demand (Plegge et al., 1984) and other effects of nutrient 

absorption (NRC, 1996). Many equations use correction factors to account for other 

causes affecting intake such as environmental or management factors (Fox and Black 

1984).  All equations have some limitations; therefore, they need to be used as a 

general guide. For all-forage diets, the NRC (2000) has an equation and gives 

validation data which show the equation accounted for 47.5% of the DMI variation in 
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steers and heifers with an overall prediction bias of -9.71%, and for cows the equation 

accounted for 43.57% of the variation with bias of -10.83%. 

 

Summary 

The feedlot system is the most traditional way to finish beef cattle in the 

United States (Taylor, 1984).  The grass-fed beef market has developed into a 

legitimate marketing option with incentives attractive enough to justify consideration. 

To be economical, finishing cattle in a forage system requires a high quality 

forage with good DM digestibility which would allow good intake and an acceptable 

ADG (Hodgson 1977). Small grains such as rye or oats could be used in the 

southeastern United States; they can provide an ADG greater than 1 kg/d (Utley et al., 

1975). 

This experiment is part of a larger research project in which the overall 

objective is to determine carcass and sensory traits of steers finished on ryegrass, rye, 

and oats.  The objective of the trial reported here was to examine trends in forage 

availability, forage quality and steer performance during the grazing/finishing phase. 

Neutral detergent fiber (NDF) is the first fraction determined in the Van Soest 

detergent procedure and represents, as the name suggests, the portion that is not 

soluble in neutral detergent solution. This fraction of the forage is broadly related to 

intake (Van Soest, 1965; Van Soest and Mertens, 1977). Acid detergent fiber (ADF) is 

the next fraction determined, and it represents the portion that is not soluble in an acid 
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detergent solution. ADF is utilized to predict digestibility.  Cellulose, lignin and ash 

comprise the ADF fraction.  

The NDF method is based on the ability of the detergent solution to solubilize 

all components leaving just the fiber parts of the feed sample separated by filtration.  

Filtration problems became the major barrier in this procedure until the development 

of a procedure using filtration in filter bags (Komarek, 1993a,b, Komarek et al., 

1994a,b) in a semi-automated fiber analyzer with a pressurized chamber from 

ANKOM company (Ankom Technology Corp., Fairport, NY).  However, the system 

still is limited by the number of samples per batch that can be analyzed and the price 

of the pressurized chamber itself.  We developed a procedure for NDF and ADF 

analyses using the filter bags without the need of the special equipment (pressurized 

chamber) using a simple water bath. 

The objective was to compare both procedures using different harvests of 

ryegrass, rye and oats forage samples.  The hypothesis was that NDF and ADF values 

would not be significantly different between the water bath method and the ANKOM 

method. 
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III. FORAGE QUALITY AND PERFORMANCE OF FORAGE-FINISHED 

BEEF CATTLE GRAZING RYEGRASS, RYE OR OATS 

 

ABSTRACT:  A 3-yr grazing trial was conducted with ryegrass (Lolium perenne), rye 

(Secale cereale) and oats (Avena sativa) as winter pasture for forage-finished beef.  

Replicate 1.42-ha paddocks (2 per forage) were established and stocked with 3 Angus 

× Continental crossbred steers per paddock each year in a completely randomized 

design.  Initial BW, (mean ± SD) were 374 ± 5.5, 410 ± 7.0 and 400 ± 9.5 kg in yr 1,2 

and 3, respectively.  Steers had free-choice access to salt-mineral mix and water.  

Grazing was initiated on Jan 19 (84 d grazing, yr 1), Nov 27 (145 d grazing, yr 2) and 

Dec 18 (124 d grazing, yr 3) when average forage mass (FM) reached 1,000 kg/ha.  

Forage mass (kg DM/ha) and nutrient composition were determined by clipping 0.25-

m
2
 quadrats (8 per paddock) prior to the beginning of grazing and every 2 wk during 

the trial.  Put-and-take steers were used to maintain forage in the vegetative stage.  

Grazing was terminated when steers reached 530 kg BW.  Average daily gain differed 

(P < 0.05) among years, but there was no treatment effect or animal ×yr interaction.  

Overall ADG ( mean ± SD) was 1.32 ± 0.12 kg/d.  In yr 1, mean ADG (1.81 ± 0.05 

kg/d) was higher (P < 0.0001) than in the other years, but ADG in yr 2 (1.05 ± 0.05 

kg/d) and yr 3 (1.11 ± 0.05 kg/d) did not differ.  There was a yr effect, but no yr × 
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treatment interaction for forage concentrations of CP.  In yr 3, forages had a lower 

percentage CP than in the other 2 years.  Rye contained more CP (19.5 ± 0.6%) than 

ryegrass (16.1 ± 0.6%) and oats (17.0 ± 0.6%), but percentage CP did not differ 

between ryegrass and oats.  There was no yr effect or yr × treatment interaction for 

concentration of NDF and ADF.  Ryegrass had lower concentration of NDF (39.8% ± 

1.1) and ADF (20.6 ± 0.6) than oats (46.0% ± 1.1 and 24.3 ± 0.6) and rye (46.2 % ± 

1.1 and 24.4 ± 0.6).  Total gain per area differed (P < 0.05) among years and forage 

type, but there were no yr × treatment interactions.  In yr 2, there was greater (P 

<0.05) gain per ha (556 ± 15.4 kg/ha) than in yr 1 (372 ± 15.4 kg/ha) and yr 3 (410 ± 

15.4 kg/ha).  Animals grazing oats had a greater (P <0.05) gain per ha (504 ± 15.4 

kg/ha) than those grazing rye (425 ± 15.4 kg/ha) or ryegrass (408 ± 15.4 kg/ha).  In 

conclusion, cool-season annual pastures did not differ in production of steer ADG, but 

oats was superior to the rye or ryegrass pastures in total gain per area. 

Key Words:  Grazing, Pasture Finishing, Cool-season Forages 

 

INTRODUCTION 

 

Consumer interest in the benefits of forage-finished beef is high and has been 

perceived by some as more healthful and environmentally friendly than grain-finished 

beef (Razminowicz, et al., 2006).  The preference for this type of product by a 

growing segment of the U.S. population warrants further development of forage 

systems that will produce forage-finished beef products.  To achieve the goal of 
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finishing cattle on pasture, forage quality and availability must be high so that energy 

intake does not limit animal performance (Fontenot et al., 1985).  

The Southeastern United States has an environment that enables production of 

a variety of forages throughout the year (Ball et al., 2002).  Most warm season grasses 

used in the Southeastern United States as part of beef cattle production systems, 

however, have a dormancy period of 5 or more months and generally do not support 

rapid gains desired for finishing cattle (Ball et al., 2002).  This gap in the pasture 

system is a major barrier to finishing cattle throughout the year (Matches and Burns, 

1995).  Small grains can be established as high-quality pasture that can support rapid 

gains and extend the grazing season. 

Previous research has not resulted in a consensus when the palatability of 

forage-fed compared to grain-fed beef was compared.  Some studies report more 

desirable flavor for forage-fed (Cross and Dinius, 1978; Kropf et al. 1975; Skelley et 

al. 1978; Schroeder et al. 1980; Kidwell, 2002); some report less desirable flavor 

(Wanderstock and Miller, 1948; Bowling et al., 1977; Brown et al., 1979), and others 

reported acceptable flavor for both (Oltjen et al., 1971; Huffman, 1974; Bidner et al., 

1981).  The flavors are known to vary with the type of grass being grazed and the 

length of time the grasses are grazed (Mandell et al., 1998). 

This experiment is part of a larger research project in which the overall 

objective is to determine carcass and sensory traits of steers finished on ryegrass, rye, 

and oats.  The objective of the trial reported here was to determine forage availability, 

forage quality and steer performance during the grazing/finishing phase. 
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MATERIALS AND METHODS 

 

All procedures and experimental protocols were approved by the Auburn 

University Institutional Animal Care and Use Committee. 

A 3-yr grazing trial was conducted beginning in the winter/spring seasons of 

2006 (yr 1), 2007 (yr 2) and 2008 (yr 3).  Replicated 1.42-ha paddocks (2 per forage) 

containing ryegrass (Lolium perenne), rye (Secale cereale), and oats (Avena sativa) 

were established at the Wiregrass Research and Extension Center in Headland, AL 

(31.3° lat., 85.3° long., 105 m elev.) and stocked with three Angus × Continental 

crossbred steers (374 ± 5.5, 410 ± 7.0 and 400 ± 9.5 kg in yr 1,2 and 3, respectively) 

per paddock. 

Prior to planting in all years, all paddocks were fertilized with 39 kg/ha of N 

plus 45 kg/ha each of P and K.  Paddocks were seeded (150 kg/ha of oats or rye, or 30 

kg/ha ryegrass) during the fall of all years (yr 1 on Nov 7, 2005, yr 2 on Oct 10, 2006 

and yr 3 on Sept 27, 2007).  Nitrogen and S were applied at rates of 78 and 11 kg/ha, 

respectively, at the beginning of the season, and again in mid February at rates of 56 

and 11 kg/ha, respectively, in all years. 

All steers had ad-libitum access to salt-mineral-mix and water and were 

weighed every 28 d.  Grazing was initiated on Jan 19 (84 d grazing, year 1), Nov 27 

(145 d grazing, year 2) and Dec 18 (124 d grazing, year 3) when average forage mass 
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reached 1,000 kg/ha.  Forage mass and nutrient composition were determined by 

clipping 0.25-m
2
 quadrats (n=8 per paddock) prior to the beginning of grazing and 

every two weeks during the trial.  Stocking rates were adjusted following quadrat 

clipping by using put-and-take steers to maintain forages in the vegetative stage.  

Harvested forage was weighed and oven dried at 50º C.  Forage samples within 

paddocks were pooled for create composite samples for laboratory analysis from 

which a sub-sample was ground to pass a 1-mm screen in a Wiley mill.  Samples were 

analyzed for dry matter (DM) and crude protein (CP); (AOAC, 1995), NDF, ADF, and 

acid detergent lignin (Van Soest et al., 1991).  The experiment was ended when 

average BW of the steers reached 530 kg.  Put-and-take steer were weighed every time 

they were added or removed from pastures.  Gain per area was determined adding the 

weight gain of all the animals present in each pasture, including put-and-take steers. 

Put-and-take procedures. Animals were added or removed from paddocks 

according to the DM available in that particular paddock. Dry Matter availability was 

measured every two weeks. The amount of DM available on the week of measurement 

minus the amount of DM available on the prior week of measurement represented the 

amount of increase or decrease in DM. If the DM decreased it would indicate a 

necessity of removing animals, if DM increased it would indicate a need to increase 

animals. There is a limit where DM availability may limit intake (McCollum et al., 

1992); in this procedure the limit set was 2000 kg of DM/ha. If the DM available 

approached 2000 kg DM/ha animals were maintained in the pasture; if available DM 

had decreased from the previous measurement, animals were removed according to 
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the body weight of the animal, considering a DM intake of 3% of live BW. For 

example, an animal weighing 400 kg would consume 12 kg of DM/d, considering 

adjustments every two weeks, each animal would represent a 14 d x 12 kg/d which 

equals 168 kg DM. Therefore, an increase of about 168 kg/ha of DM above the 2000 

triggers addition of one animal/ ha. On the other hand a decrease of about 168 kg of 

DM/ha results in removing one animal from the paddock. It is important to consider 

that not all available DM can be consumed, animals will trample some of the forage.  

With that in mind, adjustments for the 1.42-ha paddock were made on 1-ha basis with 

the remaining considered as trampling loss.  An excel spreadsheet sample can be seen 

in appendix A.  

Data were analyzed using the PROC GLM procedures of SAS and standard 

least-squares model fit (SAS Inst., Inc., Cary, NC, 2004).  All data are reported as 

least squares means ± SE, and the significance level was preset at P < 0.05 for all 

analyses.  The ADG and gain/area were regressed on forage parameters:  Forage mass 

(kg DM/ha), forage availability (kg of DM ∙100 kg BW
-1

∙d
-1

), DM, CP, NDF and ADF 

using the PROC REG procedure of SAS and stepwise model selection criteria (SAS 

Inst., Inc., Cary, NC, 2004).  Parameter estimates, SE, variable P-values, model fit P- 

values, and Mallows C(p) are reported.  The model fit was chosen according to Neter 

et al. (1985) using the Mallows C(p) values. 
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RESULTS AND DISCUSSION 

 

There was a year effect but no year × treatment interaction for ADG, forage 

concentration of CP and steer gain/ha (P< 0.05).  The overall mean for ADG was 1.32 

± 0.12 kg/d, and it differed (P < 0.05) among years (Table 1), with greater ADG (P < 

0.0001) in yr 1 than the other two years. 

Table 1.  Effect of year on ADG, gain/area, forage concentration of CP and Forage 

mass (FM) for steers grazing ryegrass, rye and oats 

Item 2006 2007 2008 SEM

Grazing Season, d 84 145 124

Animal grazing days, d 322
a

707
b

494
c

19

Initial weight, kg 374 ± 5.5 410 ± 7.0 400 ± 9.5

Final weight, kg 526 562 544 16

ADG, kg/d 1.81
a

1.05
b

1.11
b

0.05

Gain/ha, kg/ha 371.5
b

556.0
a

410.3
b

15.4

CP, % 18.0
a

18.8
a

15.9
b

0.6

Forage mass, kg DM/ha 2,124 1,607 1,711 95  
a,b,c

Means in the same row with different superscripts differ (P < 0.05). 

 

The average initial weight of steers in yr 1 was less than in the other years.  

Generally, for feedlot finishing of cattle, ADG increases with increasing initial weight 

(IW) (Galyean et al., 1978; Zinn et al, 2008).  The increased ADG observed in the 

present study for steers with lighter IW, which all had been born in the fall from the 

same herd of cows as steers used in yr 2 and yr 3, may be due to compensatory gain.  

In yr 1, the start date was later than in the other years due to a lack of rainfall at the 
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beginning of the season.  This resulted in the shortest grazing period (84 d).  Which 

also coincided with the period of time when forage quality was the highest.  In terms 

of gain/area, steers in yr 2 had a greater (P < 0.05) gain/ha than in yr 1 or yr 3.  This is 

explained mainly by the longer grazing period in yr 2.  Although the forages in yr 3 

had a lower CP content than in the other years, all three years exceeded NRC 

requirement for finishing steers (NRC, 1996; NRC, 2000).  

There was a treatment effect but no treatment × year interaction for forage 

concentration of NDF, ADF and CP, and total gain/ha (P < 0.05; Table 2).  Rye 

contained more CP than ryegrass and oats, which were not different.  Although the rye 

forage had a higher CP concentration than the other forages, all three forages exceeded 

NRC requirement for finishing steers (NRC, 1996). 

 

Table 2.  Effect of pasture type on forage concentration of NDF, ADF and CP and 

total gain/ha in steers grazing oats, rye or ryegrass 

TRT Oats Rye Ryegrass SEM

ADG, kg/d 1.33 1.23 1.40 0.1

Gain/ha, kg/ha 504.4
a

425.2
b

408.2
b

15

Animal grazing days, d 552
a

524
a

447
b

19

Final weight, kg 547 530 555 15

Forage mass, kg DM/ha 2039 1815 1590 96

CP, % 17.1
b

19.5
a

16.1
b

0.6

NDF, % 46.0
a

46.2
a

39.8
b

1.1

ADF, % 24.3
a

24.4
a

20.6
b

0.6  
a,b

 Means in the same row with different superscripts differ (P < 0.05). 
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Ryegrass had lower concentration of NDF and ADF than oats and rye.  Steers 

grazing the oats pasture had a greater (P <0.05) gain/ha than those grazing rye or 

ryegrass (Table 2).  The lower NDF and ADF concentration of ryegrass compared 

with rye and oats would indicate that ryegrass has superior quality for finishing cattle. 

However, this was not translated into higher ADG or gain/ha, probably due to lower 

DM production compared with the small-gain treatment (Figure 1). 

These data agree with Siri-Prieto et al. (2003), who found no differences 

between oat and ryegrass forages in biomass production.  They reported that oats 

produced more DM than ryegrass at grazing initiation, but by the end of grazing (70 d 

for the first yr and 84 d for second yr), these differences disappeared because oats 

have a shorter life cycle, and ryegrass starts producing more DM in late spring.  

However, the data are not in agreement with those of Bransby et al. (1999), who 

reported in a wide range of grazing experiments evaluating different winter annual 

pastures for stocker production that ryegrass was superior to small grains, for 

producing steer ADG. 

Rainfall during the time steers were grazing in the first year was less than half 

of the 30-year average (Table 3).  Even though daily gains were excellent, forage 

production was more adversely affected in the case of ryegrass compared with oats 

and rye (Fig. 1).  In the second year, the rainfall was greater compared with the first 

year, resulting in a longer grazing period and a higher gain per area (Table 1), even 

though the ADG was less.  In the third year the rainfall was very close to the 30 year 
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average (Table 3), but did not result in a higher ADG, gain/area or grazing days (Table 

1). 

 

Table 3.  Monthly average temperatures and precipitation at Headland, AL during the 

months of November through April for three consecutive grazing seasons and the 30-

year average 

Month 

Average temperatures (°C)  Precipitation (mm) 

2005/06 2006/07 2007/08 

 
2005/0

6 

2006/0

7 

2007/0

8 

30 Year 

Averag

e 

Nov 16 14 14  93 82 94 108 

Dec 9 13 13  116 27 208 107 

Jan 13 11 9  97 89 109 161 

Feb 10 10 12  114 94 155 132 

Mar 15 17 14  14 32 55 157 

Apr 21 18 19  41 157 104 97 

Averag

e* 

14 14 14  67 80 126 131 

 

The variations in FM and ADG throughout the experiment in all years are 

given in Figure 1.  In year 1, oats and rye FM increased faster than expected, resulting 

in pastures being under-stocked during the final portion of the trial.  However, 

ryegrass growth was slower.  In the second year, the oats and rye FM availability 

increased more than ryegrass during the first two-thirds of the experiment.  During the 

last third, ryegrass FM availability increased faster than expected, showing its capacity 

to extend the grazing period under good weather conditions.  During the third year, 
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oats FM availability increased faster than expected, resulting in pastures being under-

stocked during the initial portion of the trial and then followed about the same tread as 

year 2 just with higher FM availability, probably (Figure 1) due to a higher rainfall 

(Table 3). 

 

Figure 1.  Steer ADG (kg/d) and FM (Forage mass in kg of DM/ha) for oats, rye and 

ryegrass (SEM for ADG=0.04; SEM for FM availability= 103) 
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In year 1 (2006) ryegrass FM probably limited intake and in turn limited steer 

performance from mid-February through mid-March, whereas decreasing forage 

quality in oats and rye may have limited intake and steer performance from mid-

March through mid-April.  In year 2 (2007) and year 3 (2008) forage mass probably 

did not limit intake with the exception of rye in April.  Forage mass could explain the 

difference in gain/ha (Table 2) for steers grazing oats compared with those grazing the 

other pastures.  The level at which forage mass started to limit intake was reported to 

be around 1,100 kg/ha for wheat forage (McCollum et al., 1992).  Intake of cattle 

grazing various forages was indicated to be maximum at a FM of 2,250 kg/ha (NRC, 

1996).  In addition, Mott (1984) found animal performance was optimum when forage 

mass was 1,200 to 1,600 kg/ha. 
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Figure 2.  Change in percent DM for oats, rye and ryegrass over the grazing season 

 

In general, the DM percentage of all forages increased as the grazing season 

progressed (Figure 2); rye had an abrupt increase in late March, 2008.  Increase in DM 

may be due to stem elongation which resulted in a greater proportion of stem; it also 

may be responsible for an increase in the NDF concentration.  Mader et al., 1983, 

reported a negative relationship between DM percentage and DMI and IVDMD in 
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wheat.  The acute decline in steer ADG during the last period for rye in 2008 may be 

explained by the sharp increase in DM percentage and associated decrease in forage 

digestibility. 

 

Mallows‟ Cp was used in a stepwise regression analysis to determine if ADG 

and gain per area of steers grazing oats, ryegrass or rye could be predicted based on 

forage concentration of DM, CP and NDF, kg forage DM/ha and daily forage DM 

availability per 100 kg BW.  The object was to find the simplest model that best 

predicted the dependent variable, ADG.  Mallows Cp is a way to measure the error for 

each variable in the model, relative to the error with all variables included. It measures 

the bias and identifies the model with the least bias and also best explains the 

predicted value. If the Mallows Cp value is greater than the number of the independent 

variables in the model (including the constant), it is an indication that too few 

independent variables were included.  On the other hand, if the Cp is less than the 

number of the independent variable in the model (also including the constant), it is an 

indication that too many independent variables were included (Neter et al., 1985).  

Therefore, ideally the best model would contain the fewest number of variables and a 

Cp value approximately equal to the number of variables including the constant.  

Because Cp is a random variable, it is important to consider its distribution when 

selecting the best model. 

The linear regression equations between ADG and gain/ha with DMBW and 

chemical composition of forage are shown in Table 4.  Among ADG and all measured 
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forage parameters, significant relationships were found for ryegrass and rye.  For 

ryegrass, no variable met the 0.15 significance level.  Even though the oats treatment 

reached the criteria, the P value of the model was not significant (P> 0.05), and the R
2
 

was very low (Table 4).  The model for rye shows a significant influence of forage 

concentration of DM, CP and NDF; the P value of the model is significant (P<0.01) 

and R
2
 = 0.53. 

 

Table 4: Stepwise regression analysis of a linear mixed effect model describing the 

influence of DM, CP, NDF, FM
1
 and DMBW

2
 on ADG of Oats, Ryegrass and Rye 

Dependent Independent.

Variable Variable

Intercept 1.16 0.11 <.0001

DMBW
2 0.01 0.01 0.0972

RG
3 ADG

Intercept 6.09 0.95 <.0001

DM -0.05 0.01 0.0002

CP -0.08 0.02 0.0021

NDF -0.04 0.01 0.0011

Intercept 84.69 16.45 <.0001

DMBW -5.972 0.94 <.0001

FM 0.0382 0.01 <.0001

Intercept 97.006 12.23 <.0001

DMBW -5.972 1.1 <.0001

FM 0.0219 0.01 0.0125

Intercept 312.61 63.03 <.0001

DMBW -5.384 1.03 <.0001
RY Gain/area <.0001 0.61 5.47

OT Gain/ area <.0001 0.5 1.71

RG Gain/area <.0001 0.42 2.46

No variable met the 0.1500 significance level for entry into the model

RY
3 ADG <.0001 0.53 3.03

Mallows 

C (p)

OT
3 ADG 0.0972 0.06 2.08

Forage Parameter SE
Variable 

P-value

Model 

P-value

R
2
 of the 

model

 
FM

1
 = Forage mass in DM (kg/ha). 

DMBW
2
: kg DM availability/100kg BW∙d

-1
.
 

OT
3
 = oats, RG = ryegrass, RY = rye. 

 

Between gain/ha and all measured forage parameters, significant relationships 

were found for all forages.  For gain/ha, the stepwise procedure was consistent in 
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selecting DMBW for all forages.  The best model selected by the stepwise procedure 

for rye has a significant (P<0.0001) influence just with the DMBW with a Cp higher 

than recommended but could explain 61% of the variation.  While the best model 

selected for ryegrass and oats were influenced by the DMBW and FM with a Cp closer 

to the ideal value, but with a lower R
2
.  Those results indicated that DMBW and FM 

could be used to develop a model to predict the gain per area for small grains and 

ryegrass. 

The DMBW availability/100 kg BW∙d
-1

 for each forage during the 3 years is 

shown in Fig. 3.  The forage DMBW during the 3 years ranged from 2.6 to 36.3 kg  

DM availability/100 kg BW∙d
-1

 with an average of 10.4.  Gain per area increased with 

decreasing DMBW for all forages.  Even though the R
2 

is not high, especially for rye, 

these values are consistent with values found by Lopes et al. (2008) who reported a 

higher gain/area by steers grazing ryegrass at 8.8 DM availability/100 kg BW∙d
-1

 

compared with 14.7, 29.0 and 48.9.  Additionally , the data here are in agreement with 

Mott 1984, who suggested optimum animal performance for tropical forages at 

approximately 5 kg DM/100 kg BW. 
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Figure 3: Relationship of gain/ha and forage availability (DM availability/100 kg 

BW∙d
-1

) for continuously stocked finishing beef cattle grazing oats, ryegrass or rye 

pastures. 
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SUMMARY AND CONCLUSIONS 

 

In conclusion, steers grazing cool-season annual forages did not differ in ADG, 

but the oats pasture was superior in total gain/ha even though rye had greater CP 

content and ryegrass had less NDF and ADF.  Cool-season annual pasture is highly 

dependent upon weather.  However, it is possible to achieve ADG in finishing beef 

steers on ryegrass, oats or rye pastures that are acceptable and some years (2006), and 

similar to those observed in feedlots (2007).  These forages also support good 

gain/area.  Furthermore, these results demonstrate the potential for forage-fed beef in 

Alabama and the Southeastern United States. 
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IV. A HIGH-THROUGHPUT PROCEDURE FOR MEASURING NEUTRAL 

DETERGENT FIBER AND ACID DETERGENT FIBER 

 

ABSTRACT:  A high-throughput-of procedure was developed for the sequential 

analysis of NDF and ADF that allows a large quantity of samples to be analyzed in a 

relatively short period of time.  In the procedure, 60 forage samples (0.5 to 1.0 g) were 

weighed into individual pre-weighed and identified filter bags (F57, 25 µm, Ankom 

Technology Corp.) and then heat sealed.  The samples were placed in a water bath 

with either NDF or ADF detergent solutions (10 L for 60 samples) and maintained at a 

constant temperature (99 
O
C) at 60 oscillations/min during 60 min.  Filter bags were 

kept immersed with a metal basket.  The fiber bag ANKOM method served as the 

control for evaluation of the modified water bath method (WB).  The objective was to 

compare procedures using different harvests of ryegrass, rye and oats forage samples.  

A completely randomized design with a replicated 2 (analytical procedures) × 3 

(forages) × 2 (harvests) factorial arrangement of treatments was used.  The primary 

difference between the two procedures was the substitution of the pressurized chamber 

from the Ankom fiber analyzer by a stainless steel water bath.  There was a harvest 

and forage effect (P < 0.01) forage concentration of NDF and ADF and also a harvest 

× forage interaction (P < 0.05 for NDF and P < 0.01 for ADF), but there were no 

differences between the methods for either NDF (31.93% WB vs. 31.33%
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ANKOM, P = 0.29) or ADF (15.54% WB vs 15.96% ANKOM, P = 0.21).  The 

coefficients of variation (CV) were low for NDF (100% of samples with CVs below 

2.8%) and for ADF (83% of samples with CVs below 5% with the highest CV at 

5.9%).  The difference in the NDF value between methods and the mean was 0.3 

percentage unit, which is 0.95% of the mean.  For ADF, the value of the difference 

was 0.21 percentage unit, which is 1.3% of the mean.  There was a strong relationship 

for both NDF (R
2 =

 0.97) and ADF (R
2 =

 0.89) between the methods.  The WB analysis 

method produced repeatable results that were comparable to the ANKOM method and 

can be used to process a large number of samples (up to 60 replicate samples) in the 

same amount of time that 12 duplicate samples are processed using the ANKOM 

method. 

KEYWORDS:  Detergent system, NDF, ADF, Fiber analyses, forage 

 

INTRODUCTION 

 

 Fiber analysis is a major analytical tool in ruminant nutrition because 

ruminants are one of the most specialized herbivores for utilizing fiber as source of 

energy (Van Soest, 1994).  Even for finishing feedlot diets as revealed in a recent 

survey of beef cattle consulting nutritionists (Vasconselos and Galyean, 2007), fiber is 

commonly added (average 8.3 and 9.0% in DM for summer and winter, respectively).  

In ruminant nutrition, fiber refers to the plant cell wall and is defined as part of the 

feedstuff not digested by mammalian enzymes (Moore and Hatfield 1994).  The 
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proximate system of analysis, in which fiber is measured as crude fiber (CF), was one 

of the first methods developed and still is preferred by a majority of ruminant 

nutritionists (41.38% vs. 34.48% for NDF) (Vasconcelos and Galyean, 2007). 

The CF method was developed to represent the indigestible fraction of the 

feed, but in reality it underestimates the cell wall and lignin content (Van Soest, 1994).  

The NDF method (Van Soest and Wine, 1967) was intended to separate the feedstuff 

into two main fractions, a soluble fraction that is totally digested and an insoluble 

fraction that is incompletely and more slowly digested in the rumen.  

Since the original NDF method was developed (Van Soest and Wine 1967), 

there have been several modifications (Mertens, 2002, Giger-Reverdin, 1995, Van 

Soest et al., 1991, Mascarenhas-Ferreira et al., 1983, Robertson and Van Soest, 1981).  

It was developed originally for use with forages, but the presence of starch influences 

the values generated by this method.  With the inclusion of heat stable amylase 

(Robertson and Van Soest, 1981) to reduce the starch contamination of fiber, the 

method also became widely used for starchy feeds.  Later sodium sulphite was 

included in the procedure (Hintz et al., 1996) to reduce protein contamination in fiber 

measurement of high-protein feeds, plus several minor alterations to the procedure led 

to AOAC (Association of Official Analytical Chemists) approval of the NDF method 

in 2002 (Mascarenhas-Ferreira et al., 1983,Giger-Reverdin, 1995, Van Soest et al., 

1991, Mertens, 2002).  

 The NDF method is based on the ability of the neutral detergent solution to 

solubilize nonstructural components, leaving just the fibrous parts of the feed sample 



61 

separated by filtration.  Filtration problems became the major barrier in this procedure 

until the development of a procedure using filtration in filter bags (Komarek, 1993a,b, 

Komarek et al., 1994a,b) in a semi-automated fiber analyser with a pressurized 

chamber from ANKOM company (Ankom Technology Corp., Fairport, NY).  

However, the system still is limited by the number of samples per batch that can be 

analyzed and the price of the pressurized chamber itself.  We developed a procedure 

for NDF and ADF analyses using the filter bags without the need of the special 

equipment (pressurized chamber) using a simple water bath. 

The objective was to compare both procedures using different harvests of 

ryegrass, rye and oats forage samples.  The hypothesis was that NDF and ADF values 

would not be significantly different between the water bath method and the ANKOM 

method. 

 

MATERIALS AND METHODS 

 

 Forage samples: 

 Sixty forage samples were harvested every other week during the winter of 2007, 

totaling 10 harvests from replicate 1.42 ha paddocks (2 per forage) containing ryegrass 

(Lolium perenne), rye (Secale cereal) and oats (Avena sativa) established at the 

Wiregrass Research and Extension Center in Headland, AL (31.3° lat., 85.3° long., 

105 m elev.). 
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 Fiber analysis: 

 Overview of procedures.  The fiber analysis was conducted after all samples had 

been dried, finely ground to pass a 1-mm screen in a Wiley mill and all filter bags 

been weighed and identified in 6 general steps as follows: 

 Step 1: Sample bags.  Weighed samples were placed in filter bags and heat 

sealed. 

 Step 2: Solution preparation.  Neutral detergent (with sodium sulfite) or acid 

detergent solution was used in both procedures. 

 Step 3: Bag immersion.  All bags were place in a chamber for ANKOM method 

or in a water bath for the WB method and immersed for extraction. 

 Step 4: Washing bags.  Boiling water was used in the same amount per bag in 

both methods.  Amylase enzyme was used in the NDF procedure in the first 60% of 

the water washes used to wash the bags.  Pure boiling water was used for ADF.  

 Step 5: Drying bags.  Excess water was removed, and all bags were immersed in 

acetone, dried, and placed in an oven until constant weight.  

 Step 6: Results.  ADF or NDF content was calculated based on residual weight. 

 Details of procedures.  All harvested forage was oven dried at 50
o
C for 72 h and 

ground to pass through a 1 mm screen of a cutter mill (Thomas- Wiley, Laboratory 

Mill, Model 4, Arthur H.  Thomas, Philadelphia, PA., U.S.A.) and stored in a sealed 

plastic bottle before analysis.  Samples for NDF analysis were weighed (0.5 to1.0 g) 

into individual pre-weighed and labeled filter bags (F57, 25 µm, Ankom Technology 

Corp.) and then heat sealed (Impulse Sealer, Type: AIE-200, American International 
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Electric).  Separate 1-g samples were weighed into aluminum pans and dried at 100
o
C 

to a constant weight for DM determination.  Those procedures were the same for 

ANKOM and water bath method (WB) analysis. 

 For the ANKOM method for NDF and ADF measurement, the ANKOM Fiber 

Analyzer (Model No: ANKOM 200, Ankom Technology, Fairport, NY) was used.  

Two liters of neutral detergent (# FND20, ANKOM Co.) or acid detergent (# 

FAD20CB, ANKOM Co.) solution was poured into the extraction chamber with 24 

filter bags containing sample from the first 2 harvests of the 3 forage types from 2 

paddocks per forage (12 samples), each replicated, totaling 24 bags.  For NDF, 20 g of 

sodium sulphite was mixed with ND solution for 5 min before it was added to the fiber 

analyzer.  After inserting the plastic trays with the 24 samples, the chamber lid was 

sealed, the heat turned on to be heated to 100
o
 C and sample incubated for 60 min total 

time.  After 60 min, detergent was removed and the chamber was filled with 2L of 

distilled water (100ºC) to wash the filter bags for 5min with the chamber lid left open 

and the heater turned off.  This procedure was repeated 5 times for both NDF and 

ADF analyses (10 L of water/24 bags= 416 ml/bag), but for NDF the first 3 times, 4ml 

of ANKOM heat stable bacterial Alpha-Amylase (activity = 17,400 Liquefon Units / 

ml - ANLOM technology FAA) was added.  After the last water wash, all filter bags 

were taken off the plastic trays and placed between two absorbent papers, gently 

pressed to remove excess water.  All filter bags were then placed in a 500=ml glass 

jar, covered with acetone, the air was taken out using an Erlenmeyer flask as a 

“plunger,” and soaked for 5 min.  Under an air flow hood system, all bags were placed 
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between two absorbent papers, gently pressed to remove excess acetone, and let air 

dry under the hood.  All bags were then dried in an laboratory oven at 100
o
C until a 

constant weight.  For both methods duplicate samples were analyzed (i.e., two 

replications), and analysis was considered to be precise if the difference between the 

sample and the mean were less than 5%. 

 For the WB method all 60 duplicate samples (120 bags) were used but just the 

same 2 harvests (12 duplicated samples = 24 bags) were used for comparing with the 

ANKOM.  The same detergent solutions were used in WB for NDF and ADF analysis 

with the same amount per sample (2 L/24 samples) and the same type and amount per 

sample of heat stable bacterial alpha-amylase (4ml/24 sample for 3 times).  Therefore, 

10 L of either NDF (with 100 g of sodium sulphite) or ADF solution were placed in an 

inox (stainless steel) Shaker bath, 50 liter capacity (Model 50 Precision Scientific, 

Chicago, IL), heated to 99
o
 C, and all filter bags (F57, 25 µm, Ankom Technology 

Corp.) were placed in the bath.  The solution was maintained at a constant temperature 

(99
o
C) with 60 oscillations/min.  All filter bags were kept immersed in the NDF or 

ADF solution using a metal basket.  After a 60-min extraction period the NDF or ADF 

solution was drained from the Shaker bath and all filter bags were placed in a plastic 

bucket (20 L). 

 For NDF analysis, the bucket was filled with 4 L of distilled water (100ºC) with 

7.5 ml of ANKOM heat stable bacterial alpha-amylase (activity = 17,400 Liquefon 

Units/ ml - ANLOM technology FAA) to wash the filter bags by hand mixing with a 

glass rod for 5 min.  The bucket contents then were drained through a metallic basket 
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where the filter bags were recovered and placed back in the bucket.  This was repeated 

8 times followed by 4 times without the alpha-amylase enzyme.  The last time the 

bucket was filled with 6 L of distilled water (100ºC) to total 50 L of water used for 

120 bags (416 ml/bag).  

 For ADF analyses these procedures were exactly the same but the alpha-amylase 

enzyme was not used.  After the last water wash for both NDF and ADF analyses, all 

other steps were the same as already described for the ANKOM method.  

 The NDF and ADF concentrations were calculated as follows: 

NDF or ADF (% of DM) = 100 (W3 – (W1 × C1)) / W2. 

Where: 

 W1 = Bag tare weight 

 W2 = Sample weight, expressed on a dry matter basis 

 W3 = final bag and fiber weight 

 C1 = Blank bag correction (final oven-dried weight / original blank bag weight) 

 Statistical analysis: 

 Data were analyzed using the GLM procedure of SAS (release 9.1; SAS Institute 

Inc., Cary, NC) in a linear model procedure for a completely randomized design with a 

replicated 2 (analytical procedures) × 3 (forage) × 2 (harvests) factorial arrangement 

of treatments.  The significance level was preset at P < 0.05 for all analyses. 
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RESULTS AND DISCUSSION 

 

 There was a harvest and forage effect (P < 0.01) for forage concentration of NDF 

and ADF, and also a harvest × forage interaction (P < 0.05 for NDF and P < 0.01 for 

ADF). 

Table 1.  Least squares means of concentration of NDF and ADF in all sample 

grouped by harvest 

Harvest NDF SE P ADF SE P 

First 29.91
a
 

0.38 < 0.001 
15.06

a
 

0.22 < 0.001 
Second 33.35

b
 16.44

b
 

a,b,c
Means in the same column with different superscripts differ (P < 0.01) 

 

 The lower NDF and ADF content of the first harvest would indicate that cell wall 

concentration increased in the 2 weeks between harvests (Table 1).  

 

Table 2.  Least squares means of concentration of NDF and ADF in all samples 

grouped by Forage type 

Forage NDF SE P ADF SE P 

Oats 32.19
b 

0.47 < 0.0001 

16.11
b
 

0.27 < 0.0001 Ryegrass 29.71
a 

14.18
a
 

Rye 32.99
b 

16.95
c
 

a,b,c
Means in the same column with different superscripts differ (P < 0.01) 

 

 The lower NDF and ADF concentration of the ryegrass indicates higher quality 

of this grass in relation to the others in this experiment (Table 2).  
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Table 3.  Least squares means of concentration of NDF and ADF in all samples 

grouped by Treatment 

TRT NDF SE P ADF SE P 

WB 31.93 
0.38 0.29 

15.54 
0.22 0.21 

ANKOM 31.33 15.96 

 

The results of NDF and ADF analyses of all samples conducted by the WB and 

ANKOM methods are shown in table 3.  There were no differences between the two 

methods for both NDF (P = 0.29) and ADF (P = 0.22).  The difference in the mean 

NDF value between methods and the overall mean was 0.3 percentage unit, which is 

just 0.95% of the mean.  For ADF the value of the difference was 0.21, which is 1.3% 

of the mean.  The small differences between ANKOM and WB for NDF and ADF are 

consistent with the results of Vogel et al., (1999), who reported that ADF and NDF 

means for ANKOM and conventional methods (Van Soest et al., 1991) differed by 1.5 

% for ADF and 2.5% for ADF with no significant differences between methods for 

bromegrass and sorghum forage.  

http://jas.fass.org/cgi/content/full/81/1/109?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&andorexacttitle=and&andorexacttitleabs=and&fulltext=vogel+et+al.%2C+1999&andorexactfulltext=phrase&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#VOGEL-ETAL-1999
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Table 4:  Mean, SD and coefficients of variation (CV) for NDF and ADF values by 

forage sample pooled across both methods of analysis 

NDF ADF NDF ADF

Mean 30.91 15.22 30.02 13.76

SD 0.62 0.74 0.35 0.14

CV 2.01 4.88 1.17 1

Mean 27.22 13.52 30.69 14.25

RG Plot 2 SD 0.62 0.8 0.56 0.72

CV 2.27 5.91 1.82 5.09

Mean 30.66 15.14 36.62 19.23

SD 0.36 0.41 0.64 0.45

CV 1.18 2.74 1.74 2.34

Mean 30.5 15.6 34.18 17.85

SD 0.19 0.54 0.33 0.53

CV 0.62 3.46 0.96 2.99

Mean 30.45 15.61 34.44 17.07

SD 0.82 0.27 0.32 0.19

CV 2.68 1.72 0.92 1.12

Mean 29.76 15.26 34.13 16.51

SD 0.82 0.29 0.62 0.38

CV 2.75 1.93 1.81 2.33

Harvest

Sample type
1

First

OT Plot 2

OT Plot 1

RY Plot 2

RY Plot 1

Second

RG Plot 1

 
     1

RG = Ryegrass, RY = Rye, OT = Oats. 

 

The coefficients of variation (CV) were low for NDF (100% of samples with 

CVs below 2.8%) and for ADF (83% of samples with CVs below 5% with the highest 

CV at 5.9%).  The CV reported here is lower than the results of Jung (1991), who 

compared the Ankom method with a conventional fiber analysis (Van Soest and 
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Robertson, 1980).  He reported 83% of the hay samples with a CV below 5% for NDF.  

Other researchers also reported a CV for NDF from 1.14 to 5.68 % and ADF from 

0.68 to 7.02 (Holechek and Vavra, 1982; Berchielli et al., 2001) in a comparison 

between two methods already in use. 

 

Figure 1.  Comparing ANKOM and WB mean forage ADF and NDF concentrations 

compared across all forage samples. 

 

Figure 1 shows the relationship between NDF and ADF for both methods of 

analysis.  There proved to be a high relationship between the method for both NDF 

(R
2
 = 0.97) and ADF (R

2
 = 0.89).  Both NDF and ADF had a correlation coefficient (P 

< 0.0001) between WB and ANKOM results.  The slope of the equation for the mean 

results were 0.9835x and 0.8942x respectively, suggesting that there were a very 

strong (P < 0.0001) relationship between both methods.  Koivisto (2003) also reported 
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a correlation coefficient (P > 0.001) between methods for NDF and ADF with a slope 

of the equation for the means of 0.8257 and 0.9454 respectively. 

 

SUMMARY AND CONCLUSION 

 

 The results show that the WB method is comparable to the ANKOM method.  

From a practical point of view, the method could be used for the analysis of a large 

number of samples in a relatively short period of time using a stainless steel shaker 

bath. 
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V. CONCLUSIONS 

 

The results of the grazing study shows that steers grazing cool-season annual 

forages tested did not differ in ADG, but the oats pasture was superior in total gain per 

ha even though rye had greater CP content and ryegrass had less NDF and ADF.  

Cool-season annual pasture is highly dependent upon weather.  However, it is possible 

to achieve ADG in finishing beef steers on ryegrass, oats or rye pastures that are 

acceptable and some years (2006), and similar to those observed in feedlots (2007).  

These forages also support good gain/area.  Furthermore, these results demonstrate the 

potential for forage-fed beef in Alabama and the Southeastern United States. 

The results of the experiment 2 show that the use of WB method is repeatable 

and comparable to the ANKOM method.  It is a less expensive option for NDF and 

ADF analysis because it does not need the very expensive chamber ANKOM Fiber 

Analyzer; only a common stainless steel shaker bath is needed.  From a practical point 

of view, the method could be used for inexpensive analyses of a large number of 

samples. 
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APPENDIX A. 

Put-and-take calculations – Table and explanations: 

 
A B C D E F G H I J K L M

PLOT 10-Mar DM (%) 24-Mar DM (%) Diff 7-Apr DM (%) Diff DM Limit DM Excess Calculation Acctual Change

Formulas: = D - B = G - D = G - J = K/(14 * 12) 

Rye-1 2,010 21 1,725 21 -285 1,598 18 -127 2000 -402 -2.4 -3

Ryegrass-2 1,425 19 1,675 19 250 2,183 24 508 2000 183 1.1 2

Oats-3 1,246 19 1,395 19 149 1,939 25 544 2000 -61 -0.4 0

Ryegrass-4 1,071 20 1,875 20 804 2,469 25 594 2000 469 2.8 2

Rye-5 1,685 24 1,695 24 10 1,527 18 -168 2000 -473 -2.8 -2

Oats-6 1,278 22 1,490 22 212 1,945 28 455 2000 -55 -0.3 0

7-Apr Actual Action After

Rye-1 6 -3 3

Ryegrass-2 4 2 6

Oats-3 3 0 3

Ryegrass-4 4 2 6

Rye-5 5 -2 3

Oats-6 3 0 3

Total 25 24  
 

 

Column A represents the different paddocks. 

Column B is the DM available on March 10 sample collection. 

Column C represents the DM concentration (%) for each forage. 

Column D represents the DM available on March 24. 

Column E the DM concentration (%) from column D sample day. 

Column F represents the difference between column D and B.  

Column G represents the forage DM available on April 7. 

Column H represents the DM concentration (%) on G sample day.  

Column I represents the difference between G and D.  

Column J is the amount of DM set as the limit (2000 kg DM/ha).  

Column K represents the difference between the last sample date (column G) and the 

DM limit (column J).  

Column L is the calculation of animals (column K divided by 168 (12 kg/d × 14 d = 

168 kg DM).  

The calculation results in non-integer numbers, therefore the actual change in animals 

needs to be made manually (column M), and the adjustment of this number is based on 

the calculation and an evaluation of the pattern the forage increase or decrease in the 

previous three sample dates (columns G, D, and B).  


