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Two experiments were conducted to determine the effects of daily (D) vs

alternate day (AD) supplementation of soybean meal (SBM) or wheat

middlings (WM) on forage organic matter intake (OMl), ruminal digesta

kinetics, total tract digestibility, and ADG of steers consuming low quality

forage. In Exp. 1, five Angus x Hereford steers (403 ± 32 kg) fitted with

rumen cannulas were utilized in a 5 x 5 Latin square design. Steers were

individually fed low-quality (5.3% CP) fescue hay ad libitum and were

randomly assigned to one of five treatments: no supplement (CON); WM

fed daily (WMD); WM fed every other day (WMAD); SBM fed daily (SBMD);

and SBM fed every other day (SBMAD). Supplements were formulated to

meet 100% of degradable intake protein (DIP) and metabolizable protein

(MP) requirements. Supplementation increased (P < 0.05) hay and total

OMI (g.kg1.BW1) and total OM digestibility (%) compared to CON. Daily
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supplementation increased (P < 0.05) hay and total OMI and hay and total

OM digestibility when compared with AD supplementation. Hay OMI and

hay OM digestibility was greater (P < 0.01) for SBM compared to WM, but

total OMI and total OM digestibility was not different (P> 0.38). In Exp. 2,

96 Angus crossbred steers (280 ± 32 kg) were blocked by weight (three

groups) into 12 pens in a randomized complete block design. Steers were

fed low-quality (6.2% OF) fescue straw ad libitum, and one of four

supplements formulated to meet 100% of the DIP requirements: WM fed

daily (WMD); WM fed 3d/week (WMAD); SBM fed daily (SBMD); and SBM

fed 3d/week (SBMAD). Straw OMl was greater (P < 0.03) for D compared

with AD supplemented treatments and for SBM compared with WM

supplemented treatments. Total OMI was greater (P < 0.01) for D

compared with AD supplemented treatments, however, SBM had similar

total OMI when compared with WM supplemented treatments. Daily

supplemented steers had greater (P = 0.03) ADG when compared with AD

supplemented steers. Despite having lower forage intake and similar total

OMI, steers consuming WM had higher (P < 0.01) ADG when compared to

steers consuming SBM.
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DAILY VS ALTERNATE DAY SUPPLEMENTATION OF
SOYBEAN MEAL OR WHEAT MIDDLINGS TO STEERS

CONSUMING LOW QUALITY HAY

LITERATURE REVIEW

INTRODUCTION

Cow-calf and stocker/yearling beef producers commonly utilize

dormant, low-quality forages as a major source of nutrients in many areas

of the United States. Cattle consuming low-quality forage do not usually

obtain enough digestible protein to stimulate sufficient forage intake for

growth and production (Hannah et at., 1991). Research has shown that

providing supplemental protein to grazing livestock often increases dry

matter intake (DM1; Egan and Moir, 1965; McCollum and Horn, 1990) and

can improve performance, and (or) reduce body condition score (BCS) and

body weight (BW) loss of cattle consuming dormant low-quality forages

(DelCurto et al., 1990a). Furthermore, supplementing cattle with high crude

protein (CP) concentration feedstuffs (>30% CP) has been shown to both

enhance forage use and livestock performance (McCollum and Galyean,

1985; Guthrie and Wagner, 1988).

Protein supplements are fed to cattle to provide an optimal

environment for ruminal microbial forage digestion by elevating ruminal

ammonia nitrogen (NH3 N) concentration (Judkins et at., 1991). Horn and
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McCollum (1987) reported that although ruminants consuming low quality

forages may be deficient in energy, typically the nutrient that is first-limiting

to ruminal microbial fermentation is NH3 N. To meet the animals NH3 N

requirement, N in the rumen is available from three major sources. These

are forage, supplement, and urea recycled to the rumen either via saliva or

diffusion from the blood through the ruminal wall (Owens et al., 1991).

Diets low in CF concentration may cause NH3 N deficiencies. For example,

if a lactating beef cow consumes a diet wherein CF constitutes less than 10

percent of the dietary dry matter, NH3 N may be insufficient for optimal

function of rumen microbes (NRC, 1984). This NH3 N deficiency is

commonly corrected by feeding a CF supplement.

Scientific literature provides evidence of the advantages of

supplementing grazing cattle with protein. Protein supplements are very

expensive and should only be fed at levels to meet adequate production

goals. Feeding protein in excess of requirements may increase efficiency

of feed use slightly, but may not be economically feasible (NRC, 1984). In

addition to economic concerns, protein should not be overfed due to

difficulties associated with high ammonia levels. Fenderson and Bergen

(1976) observed reduced feed intake when steers consumed 40% CF

soybean meal diets fed in excess of protein requirements; however, they

observed no signs of ammonia toxicity. Ammonia toxicity is much more



common when supplementing with nonprotein nitrogen compared with

natural or plant protein.

Protein requirements of grazing animals are variable depending on

species, breed, age, and physiological status (NRC, 1996). The protein

requirement of cattle can be subdivided into specific costs; metabolic fecal

loss, endogenous urinary loss, scurt loss, and synthesized products

containing protein, including tissue growth, fetal growth, and milk produced

(NRC, 1984). The goal of beef producers is to match the animal

requirements to the dietary forage supply and if necessary provide

supplement. Ruminant animals have the capability to tolerate large swings

in body condition and composition which suggests that optimal nutritional

management may be to provide approximate requirements over a set

amount of time (Huston et al., 1999).

Most beef cattle in today's production settings are fed supplemental

protein, on a daily or alternate-day basis. Alternate day supplementation, or

prorating supplements to be fed three or fewer times per week, is a

common means of providing supplement to grazing cattle. As reported by

Huston et al. (1999), provision of supplements either three times or once a

week may be acceptable for beef cows grazing dormant range. Alternate

day supplementation has been reported to decrease supplementation costs

and reduce variation in individual supplement intake in comparison to daily

supplementation, while improving performance compared with
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unsupplemented controls (Mcllvain and Shoop, 1962; Huston et al., 1999).

Beaty et al. (1994) suggested that supplementing three times weekly is a

viable management practice to substantially reduce labor cost with only

minimal consequences in terms of cow performance. Even if there are

slight decreases in cow performance when supplementing alternate days,

the cost savings may outweigh the benefits of supplementing daily.

According to Owens et al. (1991), the lower the OP content of the

forage, the higher the proportion of N intake will be recycled to the rumen.

This suggests that ruminant animals consuming low quality diets have

increased protein efficiency when compared with animals consuming high

quality diets. Oattle that are supplemented protein on an alternate day

basis may be more efficient because they are receiving a low quality diet

part of the time. The protein consumed on alternate days may be

processed at the same efficiency as when the animal only consumed a low

quality diet.

The amount of supplement required to meet requirements varies

widely, depending upon both the animal's physiological state and the OP

content of the supplement. As OP content of the supplement increases, the

amount of supplement needed to meet the animals requirements

decreases. For example, if two kg of a 40% OP supplement is needed to

meet an animals requirement, approximately four kg of a 20% OP

supplement would be needed to meet the same requirement.
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When supplementing on a daily basis, positive responses to protein

supplementation should be seen with either 20 or 40% OP supplements.

However, when supplementing on an alternate day basis, forage intake

could potentially decrease when supplementing 20% OP supplements. A

decrease in forage intake could occur because a large amount of

supplement would be fed at each supplementation event and supplement

intake could be substituted for forage intake. Additionally, when

supplemented alternate days, cattle consuming 20% OP supplements may

have a decreased level of production due to depressed total organic matter

(OM) intake caused by decreased forage OM intake. However,

performance may not be negatively affected by a depression in forage OM

intake if the supplement intake has higher OM digestibility, resulting in

similar TDN intake.

Protein requirements are calculated to meet the needs of an average

animal, so meeting the requirement for all animals of a type at a given age,

stage, and level of performance without providing an excess for other

animals in the same pen is impossible (Ohurch, 1988). Also, some animals

will consume more than their calculated supplement allowance when group

feeding. This variation in supplement intake will greatly affect the level of

production of individual animals within a herd. Bowman and Sowell (1997)

reported that larger quantities of supplement provided per animal reduced

the variation in individual animal supplement consumption. However,
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greater supplement allowance does not necessarily result in a greater

percentage of animals consuming the target amount (Bowman and Sowell,

1997). Feeding a lower CP content supplement, or supplementing on an

alternate day basis will result in feeding a larger amount of supplement on a

supplementation day compared with feeding a high OP content supplement

or daily supplementation, respectively. Either of these supplementation

approaches may reduce variation in individual animal supplement intake but

it may not necessarily result in a greater percentage on animals consuming

the amount predetermined to meet their requirements.

PROTEIN SUPPLEMENTATION

Beef cattle are commonly fed supplemental protein on a daily or

alternate-day basis. Protein and energy have been shown to increase

animal performance under periods of nutritional stress, with potential

negative or positive associative affects on forage intake and fiber digestion

(Caton and Dhuyvetter, 1997). Generally, positive responses to protein

supplementation are expected with forages containing less than 6% OP

(Kartchner 1980). Mathis et al. (2000) reported that protein

supplementation of forages with a OP content greater than 5.9% does not

appear to improve forage OM intake or fiber digestion by steers. Orude

protein and degradable intake protein (DIP) are used to correct a ruminal

protein deficiency.
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Concentration of protein in supplement

There are a variety of protein supplements, both single ingredient

feedstuffs and commercial blends, that have a wide range of protein

content. For example, wheat middlings are approximately 18% CP, while

soybean meal is usually near 50% OP. The amount of supplement required

to meet an animal's needs varies widely, depending upon both animal

requirements and the CF content of the supplement. In some scenarios,

use of a lower OP supplement may offset an energy deficiency simply due

to the fact that more supplement is fed. This may be especially important in

very light or early weaned calves (Purvis et al., 1995).

Purvis et al. (1995) reported that calves supplemented with 20% OP

gained more BW than calves supplemented with 40% OP supplements.

However, this response may not occur in the absence of an energy

deficiency as demonstrated by McOollum et al. (1985). Arelovich et al.

(1983) reported similar forage intake and digestibility among 20 vs. 40% OP

supplements when fed twice daily. Additionally, Arelovich et al. (1983)

reported that the lower protein concentration supplements fed in larger

quantities were more effective in increasing total energy intake when

compared to the 40% OP treatment.



Effects on feed intake

Providing grazing livestock with supplemental protein can increase

dry matter (DM) intake according to numerous reports (Egan and Moir,

1965; Arelovich et al., 1983; Caton et al., 1988; Guthrie and Wagner, 1988;

Hunt et al., 1989; McCollum and Horn, 1990; Fike et al., 1995; Farmer, et

al., 2001; Huntington et al., 2001). DelCurto et al. (1990b) conducted a

study in which steers were fed no supplement or one of three isocaloric

supplements at 0.4% BW (12% OF, 28% OF, or4l % CP). Forage and DM

intakes were greater for supplemented than for control steers when

expressed as a percentage of BW. Within supplemented groups, forage

DM intake responded in a quadratic fashion with 28% OP and 41% OP

steers consuming 60% and 42% more forage, respectively, than the 12%

OP supplemented steers. Conversely, Bohnert et al. (2002b) reported that

intake of hay DM and OM was not affected by OP supplementation or

degradability, but OP supplementation increased total nutrient intake

compared with unsupplemented controls. DelOurto et al. (1990a) observed

positive responses to protein supplementation in terms of forage intake

while Bohnert et al. (2002b) observed no differences, this disparity could be

due the quality of the basal diet. The forage was 5.3% OP in the study

conducted by Bohnert et al. (2002b) whereas forage quality was much

lower (2.9% OF) in the study conducted by DelCurto et at. (1990a).

Another factor to consider is that the basal diet in the study conducted by



DelCurto et al. (1990a) was a warm season perennial whereas the basal

diet in the study conducted by Bohnert et al. (2002b) was a cool season

perennial. These differences in basal diet may have influenced the

responses to OP supplementation.

Mathis et al. (2000) conducted three studies in which steers were fed

three different forage qualities and were supplemented with a DIP source

(sodium caseinate) at 0.041, 0.082, and 0.124 percent of BW. In the first

two studies (forage nutrient content; trial 1, 8.2% OP and 71% neutral

detergent fiber (NDF); trial 2, 5.9% OP and 65% NDF), the DIP

supplements did not affect forage OM intake. However, there was an

increase in total digestible OM intake because of a trend for increased total

OM intake and fiber digestion. In the third trial, (forage nutrient content;

4.3% OP and 60% NDF) forage OM intake, total OM intake, and total

digestible OM intake improved with increasing levels of DIP. Similarly,

Greenwood et al. (2000) reported that forage intake increased when steers

consuming low-quality prairie hay (5.9% OP and 69.4% NDF) were

supplemented with cooked molasses blocks (31.6% OP, 7.6% NDF; 30.7%

OP, 6.5% NDF; and 29.9% CP, 5.3% NDF, respectively).

Farmer et al. (2001) supplemented wheat milling by-products

blended with soybean meal to steers consuming low-quality forage. The

supplements were 30% OP and were fed to meet the DIP requirements of
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the steers. The supplemented treatments resulted in an average increase

in forage OM intake of 67% in comparison to the unsupplemented control.

Bodine et al. (2000) noted that supplemental DIP resulted in a

quadratic increase in hay OM intake, both with and without supplemental

corn. Additionally, supplementation with DIP resulted in a quadratic

increase in intake of digestible OM for both supplements. However, corn

plus soybean meal supplements increased total OM intake more than

protein supplementation alone. The authors concluded that this would be

expected to result in greater energy intake and possibly improved

performance of cattle consuming low-quality hay when they are fed corn

plus soybean meal supplement. Similarly, Olson et al. (1999) reported that

increasing levels of supplemental DIP resulted in a linear increase in forage

OM, total OM, NDF, and digestible OM intakes among steers consuming

low quality hay (4.9%). Conversely, Anderson et al. (2001) reported that

OM and ADF intakes were not influenced by supplemental DIP and/or

undegradable intake protein (UIP) when cows consumed a basal diet of

crested wheat grass (4.3% CP, 67% DIP). Quality factors, such as forage

digestibility and (or) total digestible nutrient (TDN) content, as well as forage

type (cool vs warm season) could also potentially explain some of the

differences in response to OP supplementation existing in scientific

literature.
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Effects on substitution

Previous research has suggested that feeding high grain or high

starch supplements may cause a depression in forage intake which is

referred to as negative associative affects. However, recent research

suggests that this impact may be alleviated in part by ensuring that the DIP

requirements are met. Research suggests that forage OM intake will be

increased by the addition of supplemental DIP (Olson et al., 1999; Bodine

et at., 2000). Thus, meeting the DIP requirements of an animal may

decrease the negative associative affects of supplementing with high starch

feeds. Bodine et at. (2000) reported that when supplemental DIP was

added forage intake increased, both with and without supplemental corn.

In another study conducted by Bodine et al. (2001), hay OM intake

was lower for steers consuming 8.44 g/kg BW of a high fiber supplement

(16.2% CP) and for steers consuming 8.38 g/kg BW of a high grain

supplement (18.6% CP) compared with steers consuming 4.12 g/kg BW of

a higher protein supplement (29.1% CP). However, total OM intake was

similar between all treatments. This suggests that the steers consuming

more supplement at a feeding substituted supplement for hay. When large

amounts of supplements are fed on an alternate day basis, substitution of

forage may be an even greater concern.
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Effects on digestibility

DelCurto et at. (1990a) reported that total diet DM digestibility was

increased for steers fed a OP supplement, whereas no difference was

detected among supplemental protein levels. Bodine et al. (2000) reported

that DIP supplementation linearly increased total diet OM digestibility and

no difference was seen in hay OM digestibility. Olson et al. (1999) reported

that supplemental DIP increased total tract digestion of DM, OM, and NDF

by steers consuming low quality hay (4.9% CP). Mathis et at. (2000)

reported that OM digestibility improved with increasing levels of DIP when

the basal forage diet was 4.3% OP and 60% NDF. Similarly, Greenwood et

al. (2000) reported that fiber digestion increased when steers consuming

low-quality prairie hay (5.9% OP and 69.4% NDF) were supplemented with

cooked molasses blocks.

Oonversely, Anderson et at. (2001) reported that OM and ADF

digestibility were not influenced by supplemental DIP and/or UIP. KOster et

at. (1996) reported that apparent ruminal OM digestibility was not greatly

affected by increasing amounts of supplemental DIP (sodium caseinate;

90% OP). Mathis et al. (2000) reported in two separate trials that DIP

supplementation did not affect fiber digestion. In trial 1 the hay was 8.2%

OP and 71% NDF and in trial 2 the hay was 5.9% OP and 65% NDF. In the

trials conducted by Mathis et at. (2000), fiber digestion may not have been
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affected by supplemental DIP because the forage may have already been

supplying adequate DIP.

Coleman and Wyatt (1982) reported that OP supplementation

resulted in a 14% increase in OP digestibility and tended to increase N

retention. Additionally, DelCurto et al. (1990a) reported that NDF

digestibility responded in a quadratic fashion, with 28% OP and 41% OP

supplemented steers exhibiting at least a 30% increase in NDF digestion

compared with 12% OP supplemented steers. However, Hunt et al. (1989)

found no difference between supplemented and control steers in terms of

NDF digestibility. The disparities found with digestibility percentages may

be a result of varying forages used, different supplement types and

supplementation levels.

Effects on ruminal fermentation

DelCurto et al. (1990b) reported that ruminal pH was lower in

supplemented steers at 3, 9, and 12 h post-supplementation. Bohnert et

al. (2002c) conducted a frequency of supplementation study and reported

that on the day of supplementation, pH was decreased due to OP

supplementation. Similarly, Bodine et al. (2000) reported that with or

without supplemental corn grain, added soybean meal quadratically

decreased ruminal pH. However, other researchers have reported that

ruminal pH was not influenced by OP supplementation (McOollum and
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Galyean, 1985; Caton et at., 1988). Caton et al. (1988) reported that pH

averaged 6.3 in supplemented steers and 6.4 in control steers and

McColium and Galyean, (1985) reported that values for both supplemented

and unsupplemented steers ranged from a low of 6.2 to a high of 6.5. The

disparity in impacts of supplementation on pH found in the literature is

probably due to differences in the amount and (or) type of supplement fed

in each study.

According to numerous reports (Guthrie and Wagner, 1988; DelCurto

et at., 1990a; Beaty et at., 1994; Fike et at., 1995; Köster et at., 1996; Olson

et at., 1999; Bodine et at. 2000) ruminal NH3 N concentration will commonly

increase in a linear manner with increasing supplemental protein. Bohnert

et at. (2002c) reported in a frequency of supplementation study that ruminal

NH3 N was increased on the day alt treatments received supplemental CF.

Bodine et at. (2000) reported that ruminal NH3 N values reflect the balance

for microbial protein synthesis, which often is proportional to the amount of

carbohydrate fermented and the supply of NH3 from recycling or DIP.

DelCurto et at. (1990a) reported that total volatile fatty acid (VFA)

concentrations were increased by more than 30% among all supplemental

treatments compared to control steers. Hunt et at. (1989) reported that total

VFA, as well as individual VFA, concentrations in ruminal fluid were greater

for cottonseed meal supplemented treatments than for control steers.

Caton et at. (1988) reported that total ruminal VFA concentrations were
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increased by supplementation, but no differences were detected in ruminal

acetate or propionate concentrations. Similarly, Olson et al. (1999) and

Bodine et al. (2000) reported that increasing DIP levels resulted in a linear

increase in total VFA concentration. Increased total VFA concentrations

would result from supplementation and possibly an increase in forage

degradation. An increase in total VFA concentration would benefit the

animal as potentially more energy from VFA would be available for

absorption and use in metabolic pathways.

Supplementation with OP will often increase branched chain VFA

concentrations (KOster et al., 1996; Mathis et al., 2000). Increased molar

proportions of the branched chain VFA may be indicative of increased

ruminal protein degradation. Also, an increase in branched chain VFA may

suggest increased activity and growth of cellulolitic bacteria.

Effects on passage rates

Protein supplementation may often increase fluid and particulate

passage rates. Increased passage rates can lead to increased forage and

total OM intake. Work by McCollum and Galyean (1985), Caton et al.

(1988), and Freeman et al. (1992) documented increased passage of

particulate markers from the rumen in response to protein supplementation

of low quality forages. DelCurto et al. (1990a) reported that indigestible

acid detergent fiber (IADF) passage (%Ih) responded in a quadratic fashion



within supplemented groups, with 28% CF displaying lower passage rates

than 12% CP or 41% CF supplemented steers. Similarly, Bodine et al.

(2000) reported that increasing DIP resulted in a quadratic increase in

particulate passage rates.

Several researchers have reported that ruminal fluid passage rate is

greater in supplemented steers than in control steers (McCollum and

Galyean, 1985; Caton et al., 1988; Olson et al., 1999). DelCurto et al.

(1990a) reported that liquid dilution rate and flow were increased with

supplementation but did not differ among supplemental treatments.

Freeman et al. (1992) reported that supplemented animals had 8% faster

fluid dilution rate when compared with controls. Caton et al. (1988)

reported that mean retention time of a ruminal fluid marker was reduced by

12% among supplemented compared with control steers. Similarly, Bodine

et al. (2000) reported that when supplemental corn was provided, added

DIP resulted in a linear increase in fluid passage rate, but with no

supplemental grain, added DIP resulted in a quadratic increase in fluid

passage rate. Passage rates will generally increase with protein

supplementation, leading to increased forage and total OM intake.

Increased total OM intake can lead to enhanced productive capability of

cattle consuming low quality forage.



17

Effects on growth and performance

Numerous researchers (Kartchner, 1980; DelCurto et at., 1990a;

Fike et at., 1995; Purvis et at., 1995; and Bohnert et at., 2002a) have

reported increased animal performance accompanying protein

supplementation of low quality forages. Provision of supplemental protein

can improve performance (reduce BCS and BW loss) of cattle consuming

dormant low-quality forages (DetCurto et at., 1990b; Bohnert et al. 2002a).

This improvement in performance is due, in part, to increased forage intake

and the resulting increase in total OM intake (McColtum and Gatyean,

1985). Performance of cattle may be increased through positive changes in

forage intake, digestibility, and digesta passage (Caton et. at., 1988).

Anderson et al. (2001) reported that cow weight gain was greater

when adequate DIP was supplied than when DIP was deficient. The

potential response to supplemental protein may be dependent on the cows'

physiological status (DetCurto et at., 1990b). DelCurto et at. (1990b)

reported improved performance during the middle gestation period with

both moderate and high levels of protein supplementation, whereas only the

high level of protein supplementation minimized weight and condition score

loss during late gestation. Nutritional requirements change throughout the

year and the amount, and possibly type, of supplemental protein fed should

change accordingly to meet specific requirements.



DAILY VS. ALTERNATE DAY PROTEIN SUPPLEMENTATION

Alternate day supplementation, or prorating supplements to be fed 3

or fewer times per week, is a common means of providing supplement to

grazing cattle. As reported by Huston et al. (1999), provision of supplement

either 3 times or once a week may be acceptable for beef cows grazing

dormant range. Alternate day supplementation has been reported to

decrease supplementation costs, reduce variation in individual supplement

intake, and improve animal performance when compared with

unsupplemented controls (Mcllvain and Shoop, 1962; Beaty et al., 1994;

Huston et al., 1999). There have also been reports of decreased time and

labor costs when using alternate-day feeding scenarios (Coleman and

Wyatt, 1982; Kartchner and Adams, 1982; Beaty et al., 1994; Huston et al.,

1999; Farmer et al., 2001; Bohnert et al., 2002b). Beaty et al. (1994) found

slight decreases in cow performance but they concluded that the cost

savings of alternate day supplementation may outweigh decreases in

performance.

Effects on feed intake

Much of the alternate day supplementation work has been conducted

with mature cows and not with young, growing cattle. For example, Beaty



et al. (1994) reported only slight, but significant decreases in forage intake

and performance among cows supplemented three times/week vs daily

supplementation. Melton and Riggs (1964) reported that cows

supplemented less frequently spent less time anticipating supplementation

and more time grazing. However, Kartchner and Adams (1982) reported

that the amount of time spent grazing was similar for daily and alternate day

supplemented cows. Huston et al. (1999) conducted a study at four

locations in western Texas and found varying results on forage intake

depending on location among adult cows. Forage intake was lower for the

three times/week supplemented group when compared to the daily

supplemented group at the McCulloch site, but tended to be the opposite at

the Edwards site. Forage intake was similar across treatments at the

Maverick/Kinney site.

Farmer et al. (2001) fed a 43% OP supplement to steers consuming

low quality forage at varying frequencies (two times/week, three

times/week, five times/week, and seven times/week). In general, as

supplementation became more frequent, forage, total and digestible OM

intakes increased linearly. In contrast, Colman and Wyatt (1982) observed

no difference in forage DM intake of steers fed cottonseed meal daily, every

other day, or every forth day. Hunt et al. (1989) also found no difference in

the DM intake of steers supplemented with cottonseed meal twice daily,

daily, or every other day. Bohnert et al. (2002b) reported that intake of hay



and total DM and OM increased quadratically as supplementation

frequency decreased. The every third day supplemented treatment had the

greatest hay and total DM and OM intake compared to daily and every sixth

day supplemented treatments. Decreased frequency of supplementation

has mixed results on forage and total OM intakes. Differences in

environmental conditions, forage availability, forage quality, nutritional

requirements, cattle age, and physiological status of the animals may

explain why varying results were found. Additionally, supplement type and

amount could drastically change forage and total OM intakes.

Effects on substitution

In some cases, alternate-day supplementation with low to moderate

quality CF supplements will result in feeding a substantial amount of

supplement. Horn and McCoIlum (1987) suggested that a substitution

effect could occur if supplemental energy was fed at levels greater than 30

g!kg of metabolic BW. DelCurto et al. (1990b) reported depressions in

forage intake and digestibility with increasing supplemental energy if

adequate protein was not provided in the supplement as well.

Beaty et al. (1994) suggested that the decrease in hay intake

associated with three times/week supplementation may relate to responses

elicited by the large amounts of supplement consumed at each feeding.

When feeding a low to moderate protein supplement on an alternate day
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basis, growing animals may consume a large proportion of their total intake

as protein supplement, therefore, hay intake may be influenced by

frequency of supplementation. This may be due in part to the fact that

young, growing animals often have a higher protein requirement than adult

cows, depending on the desired level of gain of the calves and the stage of

production of the cows. If this is the case, alternate day supplementation

with lower protein sources may actually decrease average forage and total

OM intake in comparison to daily supplementation. This may be a simple

impact of substitution, not necessarily a classical case of negative

associative affects. Farmer et al. (2001) reported that when a large amount

of supplement was offered at each supplementation event (1.26 % BW for

the steers fed twice/week) it was sufficient to elicit a substantial substitution

effect. They concluded that the direct substitution effect appeared to be

evident primarily on the day when the steers were supplemented (Farmer et

al., 2001).

Effects on digestibility

Beaty et at. (1994) reported that supplementing three times/week

resulted in improved total tract DM and NDF digestibilities compared with

daily supplementation. They suggested that the increased digestibility may

have been a function of decreased intake and passage rate for the three

times/week supplemented steers (Beaty et al., 1994). Conversely, Farmer
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et al. (2001) reported that organic matter and NDF digestion increased

linearly with increased frequency of supplementation. Hunt et al. (1989)

reported that DM and NDF digestibility did not differ among twice daily, daily

and alternate day supplemented steers. Similarly, Bohnert et al. (2002b)

reported that no differences were observed due to protein supplementation,

protein degradability, or supplementation frequency for apparent and true

OM and NDF disappearance from the stomach among three different

supplementation frequencies. Frequency of supplementation has varying

impacts on forage and total diet digestibility, but the differences may be

driven by the basal diet of the animal and the form or amount of supplement

fed.

Effects on ruminal fermentation

Daily and alternate day supplementation of CF often will decrease

ruminal pH, especially among alternate day treatments; however pH will

commonly be within an adequate range (6.0-7.0; Church, 1988) for fiber

digestion. Ruminal pH will often be inversely proportional to the amount of

supplement fed. Beaty et al. (1994) noted that ruminal pH remained above

6, even when alternate day supplemented steers consumed approximately

4.75 kg of soybean meal/sorghum grain per feeding. Beaty et al. (1994)

and Farmer et al. (2001) reported that when only daily supplemented steers

received supplement they had lower ruminal pH across time when
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compared to the steers that were not supplemented that day. However, on

the day when all treatment groups were supplemented, the treatments that

were supplemented less frequently generally displayed a more rapid

decline in pH and a decline of greater magnitude (Beaty et al., 1994;

Farmer et al., 2001). Similarly, Bohnert et al. (2002c) reported that on the

day when only daily supplemented steers were fed, ruminal pH was greater

for steers supplemented less frequently. These reports imply that steers

were able to maintain a ruminal environment that would not be detrimental

to fiber digestion in spite of infrequent consumption of supplement.

On the day when only daily supplemented steers received

supplement, the concentration of ruminal ammonia in unsupplemented

steers did not change across time, whereas ammonia concentration in the

daily supplemented group increased (Farmer et al., 2001). However, on the

day when all treatment groups were supplemented, there was an increase

in ammonia concentration for all treatment groups (Hunt et al., 1989; Beaty

et al., 1994; Farmer et al., 2001). Beaty et al. (1994) reported when only

daily supplemented steers were supplemented, ammonia concentrations

were generally greater with increasing CF concentration in the supplement.

Similarly, Bohnert et al. (2002c) reported that on the day when only daily

supplemented steers were fed, ruminal ammonia decreased linearly as

supplementation frequency decreased. Ruminal ammonia concentration

appears to be proportional to the amount of supplement.
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Farmer et al. (2001) reported an increase in total VFA concentration

as supplementation frequency increased when all steers were

supplemented. This is probably due to the increased quantity of the

supplement fed as frequency decreased. Increased forage and supplement

degradation should result in increased total VFA concentration, this would

benefit the animal as potentially more energy from VFA would be available

for absorption and use in metabolic pathways.

Kartchner and Adams (1982) supplemented cracked corn to grazing

steers and collected rumen fluid for four consecutive days and concluded

that pooled total VFA concentration was approximately 11 % lower for the

daily supplemented treatment than the every other day supplemented

treatment. Hunt et al. (1989) reported that there were no differences in

average VFA concentration between daily and alternate day supplemented

steers. Bohnert et al. (2002c) reported a linear increase in the

concentration of total VFA on the day of supplementation as

supplementation frequency decreased. Mixed results have been reported

regarding the relationship of VFA concentration and supplementation

frequency. On the day of supplementation, VFA concentrations should be

higher for treatments that are fed less frequently simply because more

supplement is fed. However, if forage and total OM intake and digestibility

are decreased by alternate day supplementation, total VFA production over

time may be decreased for AD supplemented cattle.
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Effects on passage rate

Beaty et al. (1994) reported that fluid and particulate passage rates

were similar for three times/week supplemented steers when compared to

daily supplemented steers. Farmer et al. (2001) reported that there was no

significant difference in ruminal liquid passage rate on the day when only

the daily treatment group was supplemented. However, on the day when

all treatments groups were supplemented, ruminal liquid passage rate was

generally faster (linear effect) for the groups that were supplemented less

frequently (Farmer et al., 2001). On the day when alternate day treatments

are not supplemented liquid passage rates may be lower when compared to

daily supplemented treatments (Bohnert et al., 2002c). However, on the

day of supplementation, liquid passage rates are normally higher for

treatments fed less frequently simply because more supplement was fed.

Effects on growth and performance

Several trials have demonstrated that high-protein supplements can

be fed infrequently without significant negative effects on livestock

performance (Mcllvain and Shoop, 1962; Beaty, et al., 1994; Farmer, et al.,

2001). Huston et al. (1999) reported that alternate day supplemented cows

lost less weight and body condition than unsupplemented controls.
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Mcllvain and Shoop (1962) observed only a slight numerical improvement

in winter gains of steers receiving supplement daily vs every third day.

Additionally, Hunt et al. (1989) reported daily gains to be higher for alternate

day supplemented steers compared with daily supplemented steers.

However, some have reported decreased performance among

infrequently supplemented animals. Huston et al. (1999) reported that daily

supplemented cows had lower changes in live body weight and condition

score when compared with three times/week supplemented cows.

Similarly, Beaty et al. (1994) reported that cows supplemented three

times/week lost slightly more body condition and weight through calving

than cows supplemented daily, regardless of protein concentration in the

supplement. These slight differences in performance among studies may

be attributed to different supplement types and supplementation levels.

Bohnert et al. (2002a) fed DIP supplements at three different

frequencies (daily, every third day, or every sixth day) to cows during the

last third of gestation. All supplemented treatments had greater gain than

the controls; daily DIP treatments gained 8 kg, every third day DIP

treatments gained 17 kg, every sixth day DIP treatments gained 3 kg and

control cows lost 39 kg. These results suggest that protein

supplementation with DIP at varying frequencies will allow cows to maintain

BW and condition in comparison to unsupplemented controls.
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Farmer et al. (2001) fed a 43% CF supplement to mature cows at

varying frequencies (two times/week, three times/week, five times/week,

and seven times/week) and reported that as supplementation became more

frequent, cows lost less (linear effect) body condition from December 7 until

February 8. However, body condition changes in the period immediately

before calving lessened the magnitude of cumulative body condition change

(cubic effect) from December 7 through calving. They concluded that body

weight loss increased approximately 0.03 kg/d for each day's decrease

(from seven to two times/week) in supplementation frequency during the

winter feeding period, If alternate day supplementation results in similar

performance in comparison to daily supplementation, producers should

have decreased supplementation costs and improved animal performance

when compared to unsupplemented cattle.

STATEMENT OF THE PROBLEM

Supplementation with protein to meet OP or DIP requirements has

been shown to have positive effects on cattle performance. Most of the

research has dealt with feeding to meet CF and not DIP requirements.

AdditionaUy, research has shown that cattle can be supplemented

infrequently and have improved performance over unsupplemented cattle.

However, most alternate day research has evaluated the effects of OP

supplementation on mature cattle, not young growing animals. Little
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research has directly evaluated supplements containing considerably

different DIP concentrations (% OM), supplemented to meet the DIP

requirements on an alternate day basis. Research is needed comparing

supplements containing drastically different DIP concentrations (% OM), fed

daily and alternate days to meet the DIP requirement in young growing

steers.
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ABSTRACT

Two experiments were conducted to determine the effects of daily (D) vs

alternate day (AD) supplementation of soybean meal (SBM) or wheat

middlings (WM) on forage OM intake (OMI), ruminal digesta kinetics, total

tract digestibility, and ADG of steers consuming low quality forage. In Exp.

1, five Angus x Hereford steers (403 ± 32 kg) fitted with rumen cannulas

were utilized in a 5 x 5 Latin square design. Steers were individually fed

low-quality (5.3% CR) fescue hay ad libitum and were randomly assigned to

one of five treatments: no supplement (CON); WM fed daily (WMD); WM

fed every other day (WMAD); SBM fed daily (SBMD); and SBM fed every

other day (SBMAD). Supplements were formulated to meet 100% of

degradable intake protein (DIP) and metabolizable protein (MP)

requirements. Supplementation increased (P < 0.05) hay and total OMI

(gkg.BW') and total OM digestibility (%) compared to CON. Daily
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supplementation increased (P < 0.05) hay and total DM1 and hay and total

OM digestibility when compared with AD supplementation. Hay DM1 and

hay OM digestibility was greater (P < 0.01) for SBM compared to WM, but

total DM1 and total OM digestibility was not different (P > 0.38). When all

supplements were provided, rumen liquid fill (mL/kg BW) was greater (P <

0.01) and liquid dilution rate (%Ih) was slower (P < 0.02) for CON compared

to supplemented treatments. When only D supplemented treatments

received supplement, rumen liquid fill was similar (P > 0.20) for all

treatments. Ruminal liquid dilution rate tended to be slower (P 0.09) for

CON compared with supplemented treatments. In Exp. 2, 96 Angus

crossbred steers (280 ± 32 kg) were blocked by weight (three groups) into

12 pens in a randomized complete block design. Steers were fed low-

quality (6.2% CP) fescue straw ad libitum, and one of four supplements

formulated to meet 100% of the DIP requirements: WM fed daily (WMD);

WM fed 3d/week (WMAD); SBM fed daily (SBMD); and SBM fed 3d/week

(SBMAD). Straw DM1 was greater (P < 0.03) for D compared with AD

supplemented treatments and for SBM compared with WM supplemented

treatments. Total DM1 was greater (P < 0.01) for D compared with AD

supplemented treatments, however, SBM had similar total DM1 when

compared with WM supplemented treatments. Daily supplemented steers

had greater (P = 0.03) ADG when compared with AD supplemented steers,

but the magnitude was small and the cost savings of supplementing AD
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may outweigh the slight benefits in performance. Despite having lower

forage intake and similar total OMI, steers consuming WM had higher (P <

0.01) ADG when compared to steers consuming SBM.

Key Words. Supplementation, Supplement Frequency, Low Quality Hay

INTRODUCTION

Cow-calf and stocker producers commonly utilize dormant, low-quality

forages in many areas of the United States. These forages are often low in

protein and animals consuming them are usually protein deficient.

Provision of supplemental protein to animals consuming low quality forage

usually will increase forage intake (McCollum and Horn, 1990) gains, and

(or) reduce body condition score and body weight loss of cattle (DelCurto et

al., 1990a). Therefore, beef cattle are commonly fed supplemental CP as a

daily or alternate day supplement. There are a variety of protein sources

with a wide range of protein content available for use as a supplement. For

example, wheat middlings are approximately 18% CP, while soybean meal

is usually near 50% OP. Thus, the amount of supplement required to

correct a deficiency varies widely depending on the CF content of the

supplement. Purvis et al. (1995) reported that calves supplemented with

20% CF gained more BW than calves supplemented with 40% CF

supplement. In most instances, utilization of supplements containing low to
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moderate concentrations of OP (1 5-25%) will result in feeding a substantial

amount of supplement. Horn and McCollum (1987) suggested that a

substitution effect could occur if supplemental energy was fed at levels

greater than 30 g/kg of metabolic BW. DelCurto et al. (1990b) reported

depressions in forage intake and digestibility with increasing supplemental

energy if adequate protein was not provided in the supplement as well.

Supplementation with protein to meet OP or DIP requirements has

been shown to have positive effects on cattle performance. Most of the

research has dealt with feeding to meet OP and not DIP requirements.

Additionally, research has shown that cattle can be supplemented

infrequently and have improved performance over unsupplemented cattle.

However, most alternate day research has evaluated the effects of OP

supplementation on mature cattle, not young growing animals. Little

research has directly evaluated supplements containing considerably

different DIP concentrations (% OM), supplemented to meet the DIP

requirements on an alternate day basis. Our objectives were to investigate

the impacts of daily vs alternate day supplementation of soybean meal or

wheat middling fed to meet DIP requirements on forage organic matter

intake, ruminal digesta kinetics, total tract digestibility, and ADG of growing

steers consuming low quality hay.
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MATERIALS AND METHODS

Experiment I

Experimental design

Five Angus x Hereford steers (403 ± 32 kg) fitted with rumen

cannulas were utilized in a 5 x 5 Latin square design to investigate the

impacts of supplementing soybean meal (SBM) or wheat middlings (WM)

daily (D) vs alternate day (AD) on forage intake, ruminal digesta kinetics,

and total tract digestibility of steers consuming low quality forage. Steers

were randomly assigned to one of five treatments: no supplement (CON);

WM fed daily (WMD); WM fed every other day (WMAD); SBM fed daily

(SBMD); and SBM fed every other day (SBMAD). Alternate day

supplements were fed two times the amount of daily supplement every

other day. Soybean meal was fed at 0.8 g/kg of BW per day and WM were

fed at 3.2 g/kg of BW per day. Animals were weighed at the initiation of

each period. Steers were housed together in an indoor pen with ad libitum

access to fresh water and trace mineralized salt (92.0% NaCI, 36.0% Na,

3500 ppm Zn, 3400 ppm Fe, 2000 ppm Mn, 330 ppm Cu, 70 ppm I, 50 ppm

Co). All experimental protocols were approved by the Oregon State

University Institutional Animal Care and Use Committee.
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Diet calculation and formulation

Steers were individually fed low-quality tall fescue hay (Festuca

arundinacea) based on 120°i of the previous 5-d average intake using

Calan® gates. Supplements were developed and fed to meet 100% of

degradable intake protein (DIP) and metabolizable protein (MP)

requirements of steers, according to level I NRC, (1996). Microbial

efficiency was set at 10% in the development of the diets. Corn gluten feed

was added to the supplement to balance diets for MP. Chemical

composition of hay and supplements is shown in Table 1. Supplements

were fed 0 or AD at 0700, immediately prior to feeding hay, all supplement

was consumed before the hay was fed. Initial forage intake was estimated

by conducting a 13 d preliminary trial (8 d adaptation, 5 d intake) feeding

the fescue hay ad Iibitum and supplementing with 1 gkg1BW1 soybean

meal per day. Forage DM intake was estimated to be 2.2% BW (DM basis)

and was used to calculate DIP requirement for the balance of the trial. The

DIP deficiency was 90 g/d or 0.21 g.kg1BW1
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Table 1. Chemical composition of fescue hay and supplements fed in
experiment 1.

Chemical analysis
Fescue

hay
Soybean

meal
Wheat

middlings
Corn gluten

meal
OM, % DM 95.0 93.2 95.2 98.5
NDF, % DM 68.4 7.9 38.0 2.8
ADF, % DM 39.2 4.5 11.5 3.5
CP, % DM 5.3 50.4 17.4 70.6
DIP, % OP 75.2 65.0 77.2 41.0
TDN, % DM 52.0 87.0 83.0 89.0

Sample collection and preparation

Experimental periods were 17 d, beginning with a 10 d adaptation

period. Hay intake was recorded daily by weighing refusals throughout

each period, but was reported from d 11 through 17 (6d). Rumen

evacuations and rumen sampling were conducted twice each period, once

on a day when all steers were supplemented and once on a day when

alternate day steers were not supplemented. Rumen pH, NH3 N, VFA, and

fluid kinetics were collected on days 12 and 17. At 0700 (0 h) on d 12 and

17 of each period, approximately 500 mL of whole ruminal contents were

withdrawn from each steer. The 500 mL sample was strained through four

layers of cheesecloth and pH was measured immediately. Samples were

then acidified with 1 mL of 7.2 N H2SO4/100 mL of strained fluid and frozen

(-20°C). After the initial sampling, each steer was dosed intraruminally with

200 mL of Oo-EDTA (Uden et al., 1980) as a fluid phase marker. Additional
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rumen fluid samples were obtained at 3, 6, 9, 12, and 24 hours after dosing

and were processed in the same manner as the 0 h sample. On days 11

and 14; treatment effects on ruminal DM, ruminal fill, and acid detergent

insoluble ash (ADIA; 112.3% recovery) were determined by manually

removing the contents from each steer's reticulo-rumen 4 h post-prandial.

The total ruminal contents were weighed, mixed by hand, and sub-sampled

in triplicate (approximately 1200 g). The remaining ruminal contents were

replaced immediately into the animal. Rumen samples were weighed, dried

in a forced-air oven (55°C; 96 h), reweighed, ground to pass a 1-mm screen

in a Wiley mill, and composited by day within steer and period.

Tall fescue hay, supplements, and orts (hay refusals) samples were

collected daily beginning on d 12 of each period. All feed and ort samples

were composited by steer within period and ground to pass a 1-mm screen

in a Wiley mill for determination of DM, OM, NDF, ADF, ADIA, CP and DIP.

On days 11-17, fecal bags were attached to each steer. Fecal bags were

weighed, emptied, feces were manually mixed, and a sub-sample collected

once daily at approximately 1500. Sub-samples were weighed, dried for

approximately 96 h at 55°C, reweighed for DM determination and

composited within period and steer. Apparent total tract hay OM

digestibility was calculated by assuming a constant indigestibility of

supplement (SBM = 13%, WM = 17%, and CGM = 11 %) using 100 minus
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tabular TON values (NRC, 1996) and subtracting that amount from total

fecal output.

Laboratory analysis

Feed, orts, and feces were analyzed for DM and OM (AOAC, 1990).

Nitrogen content of the hay and supplement was determined by the Kjeldahl

method (Buchi 322, Brinkmann, Switzerland). The DIP content of the

forage was determined using the Streptomces griseus protease (SGP; P-

5147, Sigma Chemical, St. Louis, MO) procedure described in Abdelgadir

et al. (1997). Hay, supplement, ruminal, and fecal NDF (Robertson and

Van Soest, 1981), ADF (Goering and Van Soest, 1970) and ADIA (Van

Soest et al. 1991) concentration were estimated using procedures modified

for use in an Ankom® 200 Fiber Analyzer (Ankom Co., Fairport, NY).

Cobalt was analyzed by atomic absorption using an air/acetylene flame

(Model 351 AA!AE Spectrophotometer, Instrumentation Laboratory, Inc.,

Lexington, MA). Volatile fatty acids were analyzed as described by Homey

et al. (1996) and NH3-N by the procedure described by Broderick and Kang

(1980) using a UV spectrophotometer (Shimadzu UV16OU).

Statistical analysis

Data was analyzed as a 5 x 5 Latin square with a 2 x 2 + 1 factorial

arrangement of treatments using the GLM procedure of SAS (1999). The
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model included period, steer, and treatment. Pre-planned orthogonal linear

contrasts were used to compare treatment means. Contrast statements

were: 1) CON vs Supplement; 2) Daily vs AD; 3) SBM vs WM; 4) FREQ vs

TYPE Interaction. Daily hay and total OM intake over the 6 d intake period

was analyzed using the REPEATED statement with the MIXED procedure

of SAS (1999). The model included steer, period, treatment, day, and

treatment x day. Ruminal VFA, pH, and NH3 N data collected over time on

the day when all supplemented steers received supplement and when only

the daily supplemented steers received supplement were analyzed using

the REPEATED statement with the MIXED procedure of SAS (1999). The

model included steer, period, treatment, time, and treatment x time. In

addition, steer x period x treatment was used to specify variation between

steers (using the RANDOM statement). Steer x period x treatment was

used as the SUBJECT and auto-regression used as the covariance

structure. The same contrasts noted above were used to partition

treatment sums of squares.

Experiment 2

Experimental design

Ninety-six newly weaned Angus, Hereford, Simmental X steers (280

± 32 kg) were blocked by weight into 12 pens (8 steers/pen) and utilized in
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a randomized complete block design. The objective of this experiment was

to investigate the impacts of supplementing SBM or WM daily vs AD on

forage intake and ADG of steers consuming low quality forage. Steers

were fed low-quality fine fescue (Festuca rubra) straw ad libitum, and were

randomly assigned to one of four treatments: WM fed daily (WMD); WM fed

3d/week (WMAD); SBM fed daily (SBMD); and SBM fed 3d/week (SBMAD).

Alternate day supplements were prorated to be fed 3d/week (Monday,

Wednesday, and Friday) by multiplying daily supplement amount by seven

and divided by three. Soybean meal was fed at 1.2 gkg1BW1 per day

and WM were fed at 5.7 gkg1'BW1 per day. Steers were housed in

outdoor pens with shelters and had ad libitum access to fresh water and

trace mineralized salt (9.0% Ca, 4.0% P, 4.0% Mg, 42.0% NaCl, 4410 ppm

Zn, 1764 ppm Cu, 154 ppm I, 33 ppm Co, 119 ppm Se, 551250 lU/kg

vitamin A, 110250 lU/kg vitamin D, 662 lU/kg vitamin E). All experimental

protocols were approved by the Oregon State University Institutional Animal

Care and Use Committee.

Diet calculation and formulation

Supplements were developed and fed to meet 100% of the DIP

requirements of steers fed each supplement daily, according to level 1 NRC

(1996). Microbial efficiency was increased from 10% in experiment 1 to

11% in the development of the diets, because the forage in experiment 2
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had a greater TDN%. Chemical composition of straw and supplements is

shown in Table 2. Basal forage intake was estimated at 2.6% BW (DM

basis) and was used to calculate DIP requirement for the balance of the

trial. The DIP deficiency was 85 gld or 0.30 gkg1.'BW1. Supplements were

weighed and fed daily or alternate days prior to feeding straw.

Table 2. Chemical composition of fescue hay and supplements fed in
experiment 2.

Chemical analysis Fescue straw Soybean meal Wheat middlings
OM, % DM 93.0 92.0 93.6
NDF, % DM 74.6 6.6 38.2
ADF, % DM 40.1 3.6 11.7
CP, % DM 6.2 52.9 17.3
DIP, % CP 74.8 65.0 77.2
TDN, % DM 59.0 87.0 83.0

Sample collection and preparation

Supplements were fed for 84 d; steer weights were measured on d 1,

42, 84, and 88. Steers were withheld from feed and water for 18 h prior to

each weighing. After the 84 d weight was recorded, all animals were

grouped into one pen and fed grass hay with no supplement for 4 d in order

to minimize the effect the different supplement types and frequencies may

have had on ruminal fill. Forage intakes were measured on d 58 through d

64 (7d), straw was weighed and fed to individual pens daily and feed

refusals were collected at the end of the 7 d intake period. Feed and ort
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samples were collected for 7 d every 21 d and composited by pen.

Samples were ground in a Wiley mill to pass a 1-mm screen and used for

determination of DM, OM, NDF, ADF, CF and DIP.

Laboratory analyses

Feed and orts were analyzed for DM and OM (AOAC, 1990).

Nitrogen content of the straw and supplement was determined by the

Kjeldahl method (Buchi 322, Brinkmann, Switzerland). The DIP content of

the forage was determined using the Streptomces griseus protease (SGP;

P-5147, Sigma Chemical, St. Louis, MO) procedure described in Abdelgadir

et al. (1997). Straw and supplement NDF (Robertson and Van Soest,

1981) and ADF (Goering and Van Soest, 1970) concentration were

estimated using procedures modified for use in an Ankom® 200 Fiber

Analyzer (Ankom Co., Fairport, NY).

Statistical analysis

Data was analyzed as a randomized complete block with a 2 x 2

factorial arrangement of treatments using the GLM procedure of SAS

(1999). The model included block, supplement, frequency, and supplement

x frequency. Pre-planned orthogonal linear contrasts were used to

compare treatment means. Contrast statements were: 1) Daily vs AD; 2)

SBM vs WM; 3) FREQ vs TYPE Interaction.



RESULTS AND DISCUSSION

Experiment I

Organic matter intake

No treatment x day interaction was detected (P> 0.10) for hay or

total OM intake (g-kg1.BW1). Supplementation increased (P < 0.05) hay

and total OM intake in comparison to unsupplemented steers (Table 3).

This is similar to research reported by (Guthrie and Wagner, 1988; Olson et

al., 1999). Daily supplementation increased (P < 0.01) hay and total OM

intake when compared to AD supplementation. Similarly, Beaty et al.

(1994) reported greater forage and total DM intake among steers

supplemented daily vs 3 times/week. In contrast, Huston et al. (1999) did

not observe any differences in forage or total intake among control, daily or

alternate day supplemented cows. Correction of a DIP deficiency, resulting

in increased hay and total OM intake, may allow for improvements in gains

through increased nutrient intake from both the supplement and the basal

forage. Our research suggests that a DIP deficiency corrected with WM or

SBM will increase hay and total OM intake. Additionally, daily

supplementation resulted in a greater positive impact on hay and total OMI

than alternate day supplementation. Hay OM intake was greater (P < 0.01)



Table 3. Intake and digestibility of steers consuming low quality hay and supplemented with either soybean meal
or wheat middlings daily or every other day (Experiment 1).

Treatmenta P Value (Contrast)c
CON Daily SBM FREQ

vs vs vs vs
Item CON SBMD SBMAD WMD WMAD SEb SUPP AD WM TYPE
Hay OM intake,
gkg1BW1 17.9 20.7 19.4 18.6 17.0 0.43 0.05 <0.01 <0.01 0.72
Supp OM intake,
gkg1BW1 0.0 0.8 0.8 3.2 3.2
Total OM intake,
g.kg1BW 17.9 21.5 20.2 21.8 20.2 0.36 <0.01 <0.01 0.74 0.81
Hay OM Dig %d 56.0 59.2 57.5 52.4 49.1 0.87 0.16 0.02 <0.01 0.37
Total OM Dig % 56.0 61.0 59.5 60.4 58.9 0.69 <0.01 0.05 0.39 0.99B Treatments: CON = no supplement; SBMD = 0.8 g.kg1.BW1 soybean meal supplemented daily; SBMAD = 1 .6 g.kg'.BW soybean
meal supplemented every other day; WMD = 3.2 g.kg1.BW1 wheat middlings supplemented daily; WMAD = 6.4 g.kg1.BW1 wheat
middlings supplemented every other day.

b

C Contrasts: CON vs SUPP control vs supplemented treatments; Daily vs AD daily supplemented treatments vs every other day
supplemented treatments; SBM vs WM = soybean meal supplemented treatments vs wheat middlings supplemented treatments;
FREQ vs TYPE interaction of supplementation frequency and supplement type.

d
Apparent total tract hay OM digestibility was calculated by assuming a constant indigestibility of supplement (SBM = 13%, WM 17%,
and CGM = 11 %) using 100 minus tabular TDN values (NRC, 1996) and subtracting that amount from total fecal output.
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for SBM compared to WM, hut total OM intake was not different (P = 0.74).

These results suggest that using a lower DIP (%OM) concentration

supplement alternate days will decrease if not eliminate the increase in

forage intake observed with higher DIP (%OM) supplements. This may be

the result of the fact that a larger absolute amount of supplement is required

to correct the DIP deficiency in the case of WM.

Digestion

Supplementation had no effect (P= 0.16) on hay OM digestibility (%)

but, total OM digestibility (%) was greater (P < 0.01) when compared to

CON (Table 3.). An increase total OM digestibility was expected simply

because of inclusion of the supplement in the calculation of total tract OM

digestibility. In contrast to the results reported by Beaty et al. (1994), daily

supplementation increased (P < 0.05) total and hay OM digestibility when

compared to AD supplementation which may have stimulated greater

forage intake. Hay OM digestibility was greater (P < 0.01) for SBM

compared to WM, but total OM digestibility was not different (P = 0.39).

Alternate day supplementation with WM and SBM resulted in decreased

hay OM digestibility, likewise WM supplemented steers had lower OM

digestibility than SBM supplemented steers. These two factors lead us to

conclude that if hay OM digestibility is a primary concern, that SBM fed

daily would be the best choice.
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Ruminal diqesta kinetics

Day of supplementation

On the day all supplements were provided there was no difference

(P > 0.43) in DM fill (gkg1.BW1; Table 4.). Supplemented treatments

tended to have greater (P = 0.07) ADIA passage (%Ih) when compared with

CON. McCollum and Galyean (1985) and Freeman et al. (1992) reported

increased passage of particulate markers from the rumen in response to

protein supplementation of low quality forages. Similarly, Bodine et at.

(2000) reported that increasing DIP resulted in a linear increase in

particulate passage rates. ADIA passage was similar (P > 0.26) for D vs

AD and SBM vs WM supplemented treatments.

Several researchers have reported that ruminal fluid passage rate

was greater among supplemented steers than control steers (McCollum

and Galyean, 1985; Caton et at., 1988; Olson et at., 1999). When all

supplements were provided, rumen liquid fill (mL/kg BW) was greater (P <

0.01) for CON compared with supplemented treatments, whereas no

differences (P > 0.34) were detected for D compared with AD and SBM

compared with WM supplemented treatments. Liquid dilution rate (%Ih)

was lower (P < 0.02) for CON compared with supplemented treatments and

no differences (P > 0.11) were detected among D treatments compared

with AD treatments and SBM compared with WM supplemented treatments.



Table 4. Ruminal DM fill, acid detergent insoluble ash (ADIA) fill, liquid fill, and liquid and ADIA passage rates of
steers consuming low quality hay and supplemented with either soybean meal or wheat middlings daily
or every other day (Experiment 1).

Treatment3 P Value (Contrast)c

CON Daily SBM FREQ
vs vs vs vs

Item CON SBMD SBMAD WMD WMAD SEb SUPP AD WM TYPE
Day of supplementationd

DM fill, g!kg BW 27.4 26.6 28.4 26.7 26.7 1.15 0.82 0.44 0.48 0.48
ADIA passage, %/h 2.17 2.35 2.41 2.43 2.63 0.124 0.07 0.31 0.27 0.59
ADIA recovery, % 112.1 106.8 103.8 105.5 111.9 3.47 0.22 0.64 0.35 0.20
Liquid fill, mL/kg BW 184.7 147.3 161.6 150.3 143.3 7.86 <0.01 0.65 0.35 0.20
Liquid dilution rate, %/h 11.7 16.8 15.0 17.5 14.4 1.47 0.02 0.12 0.99 0.69
Rumen fluid turnover, h 9.1 5.9 6.9 6.4 7.0 0.55 <0.01 0.18 0.61 0.70

Day before supplementatione

DM fill, g/kg BW 23.9 23.3 23.9 23.2 20.7 0.58 0.11 0.12 0.01 0.02
ADIA passage, %/h 2.06 2.49 2.21 2.50 2.49 0.104 <0.01 0.20 0.20 0.21
ADIA recovery, % 115.4 111.5 120.8 116.4 119.0 3.05 0.67 0.08 0.62 0.30
Liquid fill, mL/kg BW 178.4 155.0 146.9 179.9 155.8 13.29 0.23 0.25 0.23 0.56
Liquid dilution rate, %Ih 10.9 15.0 15.0 12.7 12.7 1.41 0.09 0.96 0.13 0.99
Rumen fluid turnover, h 9.4 7.6 7.0 8.1 7.9 0.67 0.03 0.61 0.32 0.77

a Treatments: CON = no supplement; SBMD = 0.8 g.kg1.BW1 soybean meal supplemented daily; SBMAD = 1 .6 g.kg1.BW1 soybean
meal supplemented every other day; WMD = 3.2 g.kg1BW1 wheat middlings supplemented daily; WMAD = 6.4 g.kg1.BW1 wheat
middlings supplemented every other day.

b
n = 4.

C Contrasts: CON vs SUPP = control vs supplemented treatments; Daily vs AD = daily supplemented treatments vs every other day
supplemented treatments; SBM vs WM = soybean meal supplemented treatments vs wheat middlings supplemented treatments;
FREQ vs TYPE = interaction of supplementation frequency and supplement type.

d Day of supplementation = when all treatments received supplement.
e Day before supplementation = when only daily treatments received supplement.
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Rumen fluid turnover (h) was greater (P < 0.01) for CON compared with

supplemented treatments and no differences (P> 0.17) were detected for D

compared with AD and SBM compared with WM supplemented treatments.

Conversely, Farmer et al. (2001) reported that on the day when all

treatments groups were supplemented, ruminal liquid passage rate was

generally faster (linear effect) for the groups that were supplemented more

frequently. Similar to our study, DelCurto et al. (1990a) reported that liquid

dilution rate and passage were increased with supplementation but did not

differ among supplemented treatments. Fluid and particulate passage rates

may have increased because of the increase in OM fed to supplemented

steers. The lack of a impact of type and frequency of supplement on fluid

and particulate passage rates suggests that the decline in OM digestibility

for AD and WM supplemented treatments was not caused by changes in

these factors.

Day before supplementation

When only daily supplemented steers received supplement, CON

steers had similar (P = 0.11) DM fill (g.kg1BW1) when compared with

supplemented steers, and D and AD steers were not different (P = 0.12).

Soybean meal steers had greater (P < 0.01) DM fill when compared to WM

steers. There was an interaction in the relationship between supplement

type and frequency for DM fill. This interaction may be due to WMAD
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steers consuming a lower quantity of hay than SBMAD steers. When only

daily supplemented treatments received supplement, ADIA passage (%Ih)

was greater (P < 0.01) for supplemented treatments when compared with

CON. Daily compared with AD supplemented treatments and SBM

compared with WM supplemented treatments had similar (P = 0.20) ADIA

passage. Beaty et al. (1994) reported that particulate passage rates were

similar for three times/week supplemented steers when compared to daily

supplemented steers.

When only daily supplemented treatments received supplement,

rumen liquid fill (mL/kg BW) was similar (P> 0.22) for CON compared with

supplemented treatments, D compared with AD and for SBM compared

with WM supplemented treatments. Liquid dilution rate (%/h) tended to be

slower (P = 0.09) for CON compared to supplemented treatments. Liquid

dilution rate was similar (P> 0.12) for daily compared with AD and for SBM

compared with WM supplemented treatments. Rumen fluid turnover (h)

was longer (P = 0.03) for CON compared to supplemented treatments.

Rumen fluid turnover was similar (P> 0.31) for daily compared with AD and

for SBM compared with WM supplemented treatments. The increase in

ruminal liquid turnover time and decreased liquid dilution among

unsupplemented steers is likely due to the absence of supplement. Farmer

et al. (2001) reported that there was no significant difference in ruminal
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liquid passage rate among different frequencies of supplementaflon on the

day when only the daily treatment group was supplemented.

Ruminal pH, NH3 N, VFA

Day of supplementation

Ruminal NH3 N concentration will commonly display a linear increase with

increasing supplemental protein (DelCurto et al., 1990a; Köster et al., 1996;

Olson et al., 1999). When all supplements were provided, ruminal NH3 N

(mM) was greater (P < 0.01) for supplemented steers compared with CON

(Table 5.). Additionally, alternate day supplemented treatments had greater

(P = 0.03) ruminal NH3 N compared to daily supplemented treatments.

Bohnert et al. (2002c) reported in a frequency supplementation study that

ruminal NH3 N was increased on the day of supplementation as amount of

supplemental CF fed increased. Ruminal NH3 N was greater (P < 0.01) for

WM supplemented steers compared to SBM supplemented steers. All of

these results follow expected patterns because WM steers received more

supplemental CP in order to meet DIP requirements, and AD steers were

fed two times the amount of the 0 steers on a supplementation day.



Table 5. Rumen fermentation characteristics of steers consuming low quality hay and supplemented with either
soybeanmeal or wheat middlings daily or every other day on the day all treatments received supplement
(Experiment 1).

Treatmenta P - Value (Contrast)c
CON Daily SBM FREQ

vs vs vs vs
Item CON SBMD SBMAD WMD WMAD SEb SUPP AD WM TYPE

NH3 N, mM 0.25 0.57 0.68 0.74 0.99 0.057 <0.01 0.03 <0.01 0.34

pH 6.98 6.91 6.81 6.76 6.59 0.032 <0.01 <0.01 <0.01 0.28
Total VFA, mM 83.3 88.8 93.8 94.9 101.3 2.00 <0.01 0.01 <0.01 072

VFA, mol/lOOmol
Acetate 70.3 70.1 69.4 69.1 69.4 0.25 0.01 0.38 0.07 0.08

Propionate 18.3 18.2 18.7 18.9 18.7 0.15 0.13 0.41 0.05 0.04

Butyrate 9.7 9.9 10.1 10.1 10.1 0.16 0.07 0.44 0.57 0.64

Isobutyrate 0.44 0.50 0.46 0.50 0.44 0.023 0.25 0.04 0.61 0.79
Valerate 0.74 0.77 0.78 0.84 0.88 0.032 0.06 0.44 0.03 0.66
Isovalerate 0.48 0.53 0.56 0.57 0.51 0.047 0.04 0.63 0.91 0.09

a Treatments: CON = no supplement; SBMD = 0.8 g.kg'.BW' soybean meal supplemented daily; SBMAD = 1.6 g.kg.BW1 soybean
meal supplemented every other day; WMD = 3.2 g.kg1.BW1 wheat middlings supplemented daily; WMAD = 6.4 g.kg.BW1 wheat
middlings supplemented every other day.

b

C Contrasts: CON vs SUPP = control vs supplemented treatments; Daily vs AD daily supplemented treatments vs every other day
supplemented treatments; SBM vs WM soybean meal supplemented treatments vs wheat middlings supplemented treatments;
FREQ vs TYPE = interaction of supplementation frequency and supplement type.
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When all supplements were provided, ruminal pH was lower (P <

0.01) for supplemented treatments compared with CON. Alternate day

supplemented treatments had lower ruminal pH (P < 0.01) compared with D

and ruminal pH was lower (P = 0.05) for WM compared with SBM

supplemented steers. The decrease in pH for AD in comparison to D and

WM in comparison to SBM was due to WM and AD supplemented steers

receiving a larger quantity of rapidly fermentable carbohydrate from the

supplement.

Mixed results have been reported regarding the impacts of

supplementation frequency on VFA concentration. We expected total VFA

concentrations to be higher on the day of supplementation for WM and AD

supplemented steers simply because more supplement is fed. When all

supplements were provided, total VFA concentration (mM) was greater (P <

0.01) for supplemented treatments compared to CON. Alternate day

supplemented treatments had greater (P < 0.01) total VFA concentration

compared to daily supplemented treatments. Similarly, Farmer et al. (2001)

and Bohnert et al. (2002c) reported increased total VFA concentration on

the day all steers were supplemented as supplementation frequency

decreased. Total VFA concentration was greater (P < 0.01) for WM

compared to SBM supplemented steers.

When all supplements were provided, the molar proportion of acetate

was greater (P < 0.01) for CON compared with supplemented treatments.
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Daily supplemented treatments had similar (P = 0.38) molar proportion of

acetate when compared with AD supplemented treatments. Molar

proportion of acetate tended to be greater (P = 0.07) for SBM compared

with WM supplemented steers. A supplement type vs supplement

frequency interaction was noted for the molar proportion of acetate. The

molar proportions of propionate was similar (P> 0.12) for CON compared

with supplemented treatments and for daily compared with AD

supplemented treatments. Whereas, the molar proportion of propionate

was greater (P = 0.05) for WM compared to SBM supplemented steers. A

supplement type vs supplement frequency interaction was noted for the

molar proportions of propionate. The molar proportion of butyrate tended to

be greater (P = 0.07) for supplemented treatments compared to CON, while

daily compared with AD supplemented supplemented treatments and SBM

compared with WM supplemented treatments had similar (P> 0.43) molar

proportions of butyrate. These differences in molar proportions of acetate,

propionate, and butyrate although statistically significant, were very slight

and probably not biologically important. The molar proportion of isobutyrate

was similar (P = 0.25) for CON compared with supplemented treatments.

Daily supplemented treatments had greater (P = 0.04) molar proportion of

isobutyrate compared with AD supplemented treatments, while SBM

supplemented treatments had similar (P > 0.61) molar proportion of

isobutyrate compared with WM supplemented treatments. The molar
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proportion of valerate tended to be greater (P = 0.06) for supplemented

treatments compared to CON. Valerate was similar (P = 0.44) for daily

compared with AD supplemented treatments and WM had greater (P =

0.03) molar proportion of valerate compared with SBM supplemented

steers. The molar proportion of isovalerate was greater (P = 0.04) for

supplemented treatments compared with the CON, no difference (P> 0.62)

was detected in the molar proportion of isovalerate among daily compared

with AD supplemented treatments and for SBM compared with WM

supplemented treatments. A supplement type vs supplement frequency

interaction was noted for the molar proportions of isovalerate. We expected

the branch chain VFA (isobutyrate, isovalerate, and valerate) to increase

with OP supplementation, similar to results by Köster et al. (1996) and

Mathis et al. (2000). Increased molar proportion of the branched chain VFA

may be indicative of increased ruminal protein degradation among

supplemented steers. Isovalerate increased and valerate tended to

increase with supplementation, but isobutyrate was similar to

unsupplemented controls. We are unable to explain the lack of an increase

in isobutyrate when the other branch chain VFA were increased with

supplementation. However, Bodine et al. (2000) reported that DIP

supplementation did not affect any branch chain VFA.
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Day before supplementation

When only daily supplemented treatments received supplement,

ruminal NH3 N (mM) was greater (P < 0.01) for supplemented treatments

compared with CON (Table 6.). Alternate day supplemented treatments

tended to have lower (P = 0.07) ruminal NH3 N (mM) compared with daily

supplemented treatments and SBM had similar (P = 0.99) ruminal NH3 N

(mM) compared with WM supplemented steers. Similarly, on the day when

only daily supplemented steers received supplement, Farmer et al. (2001)

reported the concentration of ruminal NH3 N in unsupplemented and

alternate day steers did not change across time, whereas NH3 N

concentration in the daily supplemented group increased and Bohnert et al.

(2002c) reported ruminal NH3 N decreased linearly as supplementation

frequency decreased. We did observe some numerical changes within

treatments between the day all treatments received supplement and when

only daily treatments were supplemented. For example, NH3 N

concentrations were 0.68 for SBMAD on the day of supplementation and

0.82 on the day they were not supplemented. These concentrations are

difficult to explain, however day to day variation in NH3 N concentration may

be due to factors other that supplementation. Bodine et al. (2000)

suggested that ruminal NH3 N values reflect the balance for microbial

protein synthesis, which often is proportional to the amount of carbohydrate

fermented and the supply of NH3 from recycling or DIP.



Table 6. Rumen fermentation characteristics of steers consuming low quality hay and supplemented with either
soybean meat or wheat middlings daily or every other day on the only daily treatments received
supplement (Experiment 1).

Treatment3 P - Value (Contrast)c

CON Daily SBM FREQ
vs vs vs vs

Item CON SBMD SBMAD WMD WMAD SEb SUPP AD WM TYPE
NH3 N, mM 0.29 0.88 0.82 0.99 0.72 0.084 <0.01 0.07 0.99 0.25
pH 7.01 6.90 6.91 6.79 6.91 0.026 <0.01 0.03 0.05 0.08
Total VFA, mM 85.8 91.9 89.8 94.7 88.5 1.96 0.03 0.05 0.70 0.32

VFA, mol/lOOmol
Acetate 70.8 70.0 70.4 70.0 70.2 0.22 0.02 0.13 0.69 0.68
Propionate 18.5 19.0 18.6 18.9 18.5 0.13 0.07 <0.01 0.41 0.62
Butyrate 9.0 9.2 9.2 9.2 9.5 0.16 0.10 0.31 0.29 0.36
isobutyrate 0.47 0.50 0.49 0.51 0.51 0.020 0.15 0.88 0.50 0.74
Valerate 0.83 0.82 0.76 0.84 0.76 0.030 0.32 0.03 0.84 0.69
Isovalerate 0.47 0.57 0.52 0.56 0.53 0.027 0.02 0.17 0.97 0.70

Treatments: CON no supplement; SBMD = 0.8 g.kg1.BW' soybean meal supplemented daily; SBMAD = 1 .6 g.kg1.BW1 soybean
meal supplemented every other day; WMD = 3.2 g.kg1.BW1 wheat middlings supplemented daily; WMAD = 6.4 g.kg1.BW1 wheat
middlings supplemented every other day.

b n = 4.
C

Contrasts: CON vs SUPP = control vs supplemented treatments; Daily vs AD = daily supplemented treatments vs every other day
supplemented treatments; SBM vs WM = soybean meal supplemented treatments vs wheat middlings supplemented treatments;
FREQ vs TYPE = interaction of supplementation frequency and supplement type.
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All contrast for pH on the day when only daily supplemented

treatments received supplement were significant. We expected a decrease

in pH as supplemented was fed, otherwise, we consider the rest of the

comparisons to be biologically insignificant. Other researchers have

reported that ruminal pH was not influenced by supplementation (McCollum

and Galyean, 1985; Caton et al., 1988). Caton et al. (1988) reported that

pH averaged 6.3 in supplemented steers and 6.4 in control steers and

McCollum and Galyean, (1985) reported that values for both supplemented

and unsupplemented steers ranged from a low of 6.2 to a high of 6.5.

Ruminal pH was never below 6.5 for any treatment on the day when only

daily treatments were supplemented, thus pH should not have had any

negative affects on fibrolytic activity.

When only daily supplemented treatments received supplement, total

VFA concentration (mM) was greater (P = 0.03) for supplemented

treatments compared with CON. Similarly, DelCurto et al. (1990a) reported

that total VFA concentrations were increased by more than 30% among all

supplemental treatments compared with control steers. Hunt et al. (1989)

reported that total VFA, as well as individual VFA, concentrations in ruminal

fluid were greater for CSM supplemented treatments than for control steers.

Alternate day supplemented treatments had lower (P = 0.05) total VFA

concentration compared with daily supplemented treatments and SBM

supplemented treatments had similar (P = 0.70) total VFA concentration
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when compared with WM supplemented steers. We expected total VFA

concentrations to be higher for D compared with AD supplemented

treatments. However, WM was higher than SBM on the day all

supplements were provided. The quantity of WM vs SBM for daily

supplemented steers must not have been large enough to enable us to

detect a significant difference in total VFA concentrations.

When only daily supplemented treatments received supplement,

the molar proportion of acetate was greater (P = 0.02) for CON compared

with supplemented treatments. Daily compared with AD supplemented

treatments and SBM compared with WM supplemented treatments had

similar (P > 0.12) molar proportions of acetate. The molar proportion of

propionate tended to be greater (P = 0.07) for supplemented treatments

compared with CON. The increase in propionate is probably due to

consumption of supplement. However, it is not clear why this increase was

not detected on the day when all steers were supplemented. Daily

supplemented treatments had greater (P < 0.01) propionate compared to

AD supplemented treatments and SBM compared with WM supplemented

treatments had similar (P = 0.41) molar proportions of propionate. The

molar proportion of butyrate tended to be greater (P 0.10) for

supplemented treatments compared with CON, while D compared with AD

supplemented treatments and SBM compared with WM supplemented

treatments had similar (P> 0.28) molar proportions of butyrate. The molar
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proportions of isobutyrate was similar (P > 0.14) for supplemented

treatments compared with CON, D compared with AD supplemented

treatments and SBM compared with WM supplemented treatments. The

molar proportions of valerate was similar (P 0.32) for supplemented

treatments compared with CON, greater (P = 0.03) for D supplemented

treatments compared with AD supplemented treatments and similar (P =

0.84) for SBM compared with WM supplemented treatments. The molar

proportion of isovalerate was greater (P = 0.02) for supplemented

treatments compared with CON. However, D compared with AD

supplemented treatments and SBM compared with WM supplemented

treatments had similar (P> 0.16) molar proportions of isovalerate. On the

day before supplementation, increased molar proportions of the isovalerate

may be indicative of increased ruminal protein degradation among daily

supplemented steers compared to AD supplemented steers.

Separating the data for the day when all treatments were

supplemented and when only daily treatments were supplemented works

well for showing the effects of alternate day supplementation. However, the

cumulative effect of protein supplementation over a period of several days

is not demonstrated. For example, Hunt et al. (1989) reported that there

were no differences in average VFA concentration (pooled across several

days) between daily and alternate day supplemented steers. If this data

had been separated for the day when all treatments received supplement
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and when only the daily supplemented treatments received supplement,

different results may have been observed. We analyzed day of and day

before supplementation data separately in order to evaluate the effects of

AD supplementation on each day separately.

Experiment 2

Organic matter intake

Results from experiment 2 were very similar to results from experiment 1.

Straw OM intake (g.kg1-BW1) was greater (P = 0.02) for D compared with

AD supplemented treatments (Table 7). Straw OM intake was greater (P <

0.01) for SBM compared with WM supplemented treatments. These results

suggest a negative impact of WM supplementation on forage intake. Total

OM intake, (g.kg1BW1) was greater (P = 0.02) for daily when compared to

AD supplemented treatments. However, total OM intake was similar (P =

0.32) for SBM compared with WM. Steers consuming WM were fed a

greater absolute amount of supplement when compared to SBM causing an

increase in total OM intake.



Table 7. Intake and ADG of steers consuming low quality hay and supplemented with either soybean meal or
wheat middlings to correct DIP deficiencies (Experiment 2).

Treatment3 P - Value (Contrast)c
Daily SBM FREQ
vs vs vs

Item SBMD SBMAD WMD WMAD SEb AD WM TYPE
Straw OM intake,
g-kg1-BW1 22.0 19.6 18.6 15.9 0.82 0.02 <0.01 0.82
Supp OM intake,
gkg1BW1 1.2 1.2 5.7 5.7
Total OM intake,
g-kg1BW1 23.2 20.8 24.2 21.6 0.83 0.02 0.32 0.85
Initial BW, kg 278.7 281.1 281.2 279.5 3.00 0.91 0.88 0.52
Final BW, kg 304.2 303.3 328.4 311.5 4.08 0.07 <0.01 0.10
ADG, kg 0.28 0.25 0.53 0.36 0.040 0.03 <0.01 0.10

a SBMD = 1 .2 g'kg1BW soybean meal supplemented daily; SBMAD 2.8 gkg1BW1 soybean meal supplemented three days per
week; WMD = 5.7 gkg1BW1 wheat middlings supplemented daily; WMAD =13.3 gkg1"BW1 wheat middlings supplemented three
days per week.

b =
C Contrasts: Daily vs AD = daily supplemented treatments vs every other day supplemented treatments; SBM vs WM = soybean meal

supplemented treatments vs wheat middlings supplemented treatments; FREQ vs TYPE = interaction of supplementation frequency
and supplement type.



Body weights and gain

Initial BW (kg) was not different (P> 0.87) among daily compared with AD

supplemented treatments and for SBM compared WM supplemented

treatments (Table 7). Final BW (kg) tended to be greater (P 0.07) for D

compared with AD supplemented treatments and was greater (P < 0.01) for

WM when compared with SBM supplemented treatments. Average daily

gain (kg) was greater (P = 0.03) for D when compared to AD supplemented

steers and WM supplemented steers had greater (P < 0.01) ADG when

compared with SBM supplemented steers. An interaction was observed in

the relationship between supplement type and feeding frequency for both

final BW and ADG. This interaction may have been due to the fact that AD

supplemented treatments tended to have more of a negative affect on ADG,

and subsequently final BW among WM in comparison to SBM

supplemented steers. However, despite causing a decline in forage intake

in comparison to SBM supplemented steers, WM supplemented steers had

the greatest ADG potentially because of the amount of supplement required

to correct the DIP deficiency. Due to the composition of the WM

supplement, more TDN was fed, resulting in an increase in ADG among

WM supplemented steers.
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Conclusion

Steers consuming WM on a daily basis had lower forage intake when

compared to steers consuming SBM on a daily or alternate day basis in

Experiments I and 2. Despite having lower forage intake, steers

consuming WM had higher (P < 0.01) ADG when compared to steers

consuming SBM. When forage quantity is limited or is expensive, it may be

advantageous to supplement WM to cattle. However, if adequate forage is

available, acceptable production should be seen when supplementing SBM

to correct OP or DIP deficiencies. Daily supplemented cattle had greater

performance, but the magnitude was small and the cost savings of

supplementing AD may outweigh the slight benefits in performance.

Additionally, the cost of SBM and WM varies depending on market supply.

Producers need to calculate the cost to reach a certain level of production

for both SBM and WM. During a supplementation period for a given year, it

may be more economical for producers to supplement either SBM or WM,

depending on current commodity prices.

IMPLICATIONS

Dormant forages are often low in protein, but if supplemental DIP is

added to the diet, producers should see improved cattle performance. If the

negative impacts of alternate day supplementation on forage intake and
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performance are not too extreme, there will often be decreased

supplementation costs compared with supplementing cattle daily, with cost

savings that may outweigh the benefits of supplementing daily.
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