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Graded concentrations of soybean hull pellets (SHP) fed to calves consuming
annual ryegrass baleage was evaluated in two experiments. Experiment one evaluated
performance and serum glucose of animals fed three treatments. Treatments were: 0.0%
(TRT 0), 0.5% (TRT 0.5), 1.0% (TRT 1) body weight (BW) of SHP fed daily while
calves had ad libitum access to baleage. Average daily gain and BW increased for calves
receiving TRT 1 (P < 0.05). Experiment two evaluated passage rate of treatments using
ytterbium chloride as a marker. Passage rate of diet decreased for TRT 1 compared to
TRT 0 (10.9 h vs. 16.72 h TRT 1 and TRT 0 respectively, P < 0.05). Calves receiving
TRT 0.5 had greater ADG than calves fed TRT 0 (0.54 kg/d and 0.30 kg/d respectively; P
< 0.05). Diet passage rate decreased as supplement amount increased (P < 0.05). Serum
glucose concentrations were not affected.
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CHAPTER I
LITERATURE REVIEW
Baleage
Ensiling hay bales (baleage) is a method of storing forage that has potential to
have greater nutritive value than hay, thereby possibly improving animal performance
(McCormick, 2013). Harvesting forages for silage or baleage must occur when moisture
as well as water soluble carbohydrates (WSC) are sufficient for support of fermentation
during the ensiling process (Forte, 2017), which in turn, decreases wilting time two to
four days (McCormick, 2011; McCormick, 2013). Following baling, while hay is still wet
(40 to 60% moisture), it is wrapped with 4 to 6 layer of polyethylene plastic film to
achieve an anaerobic environment (McCormick, 2013; Bates et al., 1989; Forte, 2017).
Bales can be wrapped end to end with a tube-line wrapping system or individually
(Martin, 2014). McCormick et al. (2011) compared baleage wrapped in a flexible bale
tube and individually wrapped baleage stored either on side or end to evaluate
characteristics of ensiling and storage. Individually wrapped bales, stored on sides or
ends were found to have greater storage life and contain less mold, suggesting individual
wrapping of bales led to more optimum conditions for ensiling of baleage compared to
other wrapping techniques.
Fermentation occurs in a four-phase process beginning with exclusion of oxygen
from the baled and wrapped forage in Phase I (Forte, 2017). Bales must contain some
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amount of oxygen to increase heat, as a product of cellular respiration, within bales to
around 32 ℃ in order to achieve desirable bacteria populations, but excess amounts of
oxygen trapped in the bale and in plastic can lead to overheating of the bale and
degradation of protein. Dense bales are desirable to preserve WSC that lactic and acetic
acid producing bacteria can utilize as energy for fermentation in an anaerobic
environment (Forte, 2017). Temperatures exceeding 33 ֯C result in degradation of protein
and reduced forage digestibility, temperatures should ideally remain around 28.9 ֯C after
fermentation is complete, ensiling temperatures are generally 9 ℃ greater than ambient
temperature, therefore depending on ambient temperature, ideal temperature ranges
mentioned above could be greater if ambient temperature is greater (Schroeder, 2004).
In order for phase II to begin, temperature must be around 32 C
̊ , moisture content
would ideally be between 40 to 60% moisture and bales are sealed and oxygen should be
depleted (Forte, 2017). Acetic acid producing bacteria, present on the forage at the time
of harvest, begin to proliferate (Forte, 2017). Moisture greater than 65% may be of
concern (Ball et al., 2015). Excess moisture can cause butyric acid production and less
palatable silage, as well as too tight of packing which can lead to not enough oxygen to
be present in order to increase the temperature to allow lactic acid producing bacteria to
grow (Ball et al., 2015; Schroeder, 2004). Moisture less than 30% can inhibit pH from
decreasing to 4.5 which can lead to undesirable bacterial growth, such as Clostridial
botulinum bacteria as well as molds and yeasts and decrease palatability (Muck, 2006).
During the ensiling process, it is important for pH to drop during the four stages to
initiate certain bacterial populations as well as to eliminate other types of undesirable
bacteria, yeasts and molds from growing if pH does not reduce to 4.5 or less (Schroeder,
2

2004). Acetic acid producing bacteria are responsible for fermentation of WSC which
decreases pH of baleage (Forte, 2017).
Phase III is a transition phase; pH continues to decrease from 6.5 to about 5.0 at
that point, acetic acid producing bacteria begin to decrease in population and the
population of lactic acid producing bacteria increases, occurring over approximately 24 to
72 h (Forte, 2017). In phase IV, lactic acid is produced from lactic acid producing
bacteria and acetic acid production has ceased. At this phase heat should be decreasing
gradually to approximately 28.9 ֯C gradually until pH is at a constant point of 4.5 and
bacterial action has halted (Schroeder, 2004). Palatability can also be negatively impacted
if pH does not decrease enough to support proper ensiling (McCormick et al., 2002;
Muck, 2006). After 21 d, baleage will have completed the ensiling process and can be
fed (Schroeder, 2004). For corn silage, 30 to 45 d was reported by Kung and DerBedrosin
(2010) to be adequate for complete fermentation and for silage to be stable.
Performance of animals fed baleage
Mixed results have been reported with regards to performance of beef calves fed
baleage. Studies involving backgrounding beef cattle have shown that baleage tends to
have greater nutrient value than hay (Martin, 2014; Forte, 2017; Han et al., 2014),
nonetheless, animal performance has varied among studies. Forte (2017) observed in a 45
d backgrounding experiment using 108 beef calves (279 ± 34.7 kg BW) that animal
weights did not differ between calves fed ryegrass baleage (314 ± 2.9 kg) or
bermudagrass hay (314 ± 2.9 kg). In this experiment, three treatment groups consisted of
calves fed ryegrass baleage, bermudagrass hay or corn silage, if energy requirements
were not met for calves to gain 0.7 kg/d (NRC, 2016), calves were supplemented with an
3

energy-protein supplement (Forte, 2017). These researchers noted that ryegrass baleage
(10.0%) and bermudagrass hay (9.9%) had greater CP content than corn silage (6.9%)
meanwhile TDN content of corn silage (70.6%) was greater than ryegrass baleage
(62.0%) or bermudagrass hay (61.3%) which had similar TDN contents. Average daily
gain (ADG) did not differ in calves fed ryegrass baleage gaining 0.61 kg/d while calves
fed bermudagrass hay gained 0.72 kg/d. However, in a 60 d pre-conditioning experiment
performed by Martin (2014), 240 beef calves weighing 217 ± 20.6 kg were fed
bermudagrass hay, bermudagrass baleage, ryegrass and rye baleage harvested at early
boot or late bloom stage of maturity. Calves fed full bloom stage ryegrass and rye baleage
had greater ADG (0.58 kg/d) while calves fed bermudagrass hay and baleage resulted in
slower ADG (0.37 kg/d and 0.32 kg/d, respectively; Martin, 2014). Early boot stage and
late bloom stage ryegrass baleage provided similar gains at the end of 60 d. Early boot
stage ryegrass contained the greatest amount of crude protein (CP) compared to other
diets. Diets were found to be protein deficient for late bloom stage ryegrass,
bermudagrass baleage and bermudagrass hay diets, therefore; a free choice liquid protein
supplement was provided for calves to regulate consumption (Martin, 2014). Crude
protein was deficient in bermudagrass diets (9.2% CP for baleage and 8.2% CP for hay)
as well as in late bloom ryegrass baleage (9.2% CP) therefore a 35% as fed CP liquid
supplement was added to negate a deficiency (Martin, 2014). While TDN of total diet of
hay and liquid supplement is not provided by Martin (2014), TDN of early boot stage
ryegrass was 64.5%, late bloom stage ryegrass 62.7%, bermudagrass baleage 57.4% and
for bermudagrass hay 59.9%, the liquid supplement provided 78.8% TDN for the last
three diets that were supplemented (Martin, 2014). Results indicated ryegrass baleage
4

was superior to bermudagrass hay or bermudagrass baleage for increasing performance of
preconditioned beef cattle. However, diets were not designed to be isonitrogenous or
isocaloric (Martin, 2014). These researchers hypothesized differences noted may be due
to TDN content of baleage being greater than that of the other bermudagrass treatment
groups.
Advantages of baleage are thought to come from being able to harvest a greater
quality, less mature forage typically used for hay due to the shorter window of time
required for wilting in areas known to experience large amounts of rainfall (McCormick
et al., 2002; Martin, 2014; Forte, 2017). Moore et al. (1999) formulated a data base to
estimate supplementation effects of cattle having ad libitum access to forage. Greatest
gains were found when improved forages were utilized with supplements having a TDN
content of > 60% (Moore et al., 1999). Han et al. (2014) wilted annual ryegrass for 24
hours at the boot, heading and anthesis stage to evaluate storage consistency of nutritive
value of ryegrass. These researchers noted boot stage DM pre-storage was 47%, heading
stage pre-storage 61% and anthesis 76.5%. Fermentation characteristics of ryegrass in
boot stage resulted in pH of 5.28, heading stage 5.43 and anthesis pH of 6.59 (Han et al.,
2014). Nutritive values for ryegrass in the boot stage were found to be successfully
ensiled when wilted for 24 h. Moisture content of bales in the heading and anthesis stage
were found to be too dry to produce adequately ensiled forage when wilted for 24 h.
Lactic acid, as well as acetic acid, were present in greater concentrations of baleage
harvested in the boot stage of production than for the heading and anthesis stage
contributing to more correct ensiling (Han et al., 2014).
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Gordon (1989) found flail harvested silage has been shown to maintain or
improve animal performance comparted to precision chopped forage. In a 98 d feeding
experiment performed by Charmley and Firth (2004), beef calves were fed flail-chopped
and round bale timothy silage stored on pavement for five months. In the second year,
flail-chop, round bale timothy silage in addition to precision chop forage were stored for
seven months. Flail chopped silage is cut with freely pivoting blades cutting forage on
impact (Johnson, 2012). Flail chopped silage is a less precise method of cutting forage
compared to disc mowers where 10 to 15% greater loss of standing forage can result
(Johnson, 2012). Precision chopped forage was cut using a rotary mower as was forage
collected for round bale silage (Charmley and Firth, 2004). Rotary mowers use freely
pivoting blades attached to rotating disks with blades moving in a cycloidal path
(Johnson, 2012). Flail chopped silage had a dry matter (DM) content of 16.9% when
harvested. Precision chop had a DM content of 47.7% when harvested while round bale
timothy silage had a DM content of 58.5%. Animals gained 1.00 kg/d when fed flail
chopped silage and 1.61 kg/d with round bale timothy silage in the first year of the
experiment. In year two, animals fed flail chopped silage gained 0.68 kg/d, animals fed
timothy bale silage gained 1.04 kg/d.
Additionally, for the second year another group of animals fed precision chopped
forage gained 0.76 kg/d. Additional gain of calves fed timothy bale silage was attributed
to greater digestibility and greater voluntary intake (Charmley and Firth, 2004). Hancock
(2010) examined DM losses of hay stored under roof, on the ground uncovered compared
to baleage. Dry matter loss of baleage (10 to 15%) was found to be less than storing hay
under a roof (15 to 35%), while hay stored on the ground and uncovered led to losses of
6

30 to 60% (Hancock, 2010). Animals fed ryegrass baleage had greater ADG (0.88 kg/d)
than cattle being fed bermudagrass hay (0.71 kg/d) or ryegrass hay (0.56 kg/d). This
increase in ADG was attributed to greater nutrient content of ryegrass baleage (16.3%
CP; 65.9% TDN) compared to bermudagrass hay (16.1% CP; 62.9% TDN; Hancock,
2010). Charmley and Firth (2004) examined dry matter intake with different harvesting
techniques and found dry matter intake (DMI) was increased for animals consuming
round bale timothy silage treatment (8.9 kg/d) while flail chop fed animals consumed 6.8
kg/d. This was attributed to round bale timothy silage having greater digestibility and
greater voluntary intake than precision chopped silage or flail chop which led to greater
DMI. Increased digestibility would increase intake by decreasing rumen fill and intake
being regulated by energy requirements instead of rumen fill (NRC, 2016). In an
experiment performed by Han et al. (2004) evaluating storage characteristics and animal
performance of alfalfa hay compared to alfalfa baleage, twelve ruminally cannulated
steers (340 kg) consumed greater amounts of 51.2% moisture baleage (21.0 g/kg BW/d)
than 59.4% moisture baleage (20.4 g/kg BW/d) both of which was greater than intake for
alfalfa hay (17.5 g/kg BW/d). Increased intake for baleage compared to hay was
explained by leaf shattering as well as greater cell wall concentrations in hay (Han et al.,
2004).
When introducing baleage to calves, palatability may be an issue (Forte, 2017).
McCormick et al. (1998) concluded that after a 10 d acclimation period, DMI of calves
was similar with calves being fed ryegrass baleage (7.8 kg DM/d) or ryegrass hay (7.8 kg
DM/d) resulting in similar performance between treatment groups. Animals were
consuming baleage and hay adequately after the 10 d acclamation period when DMI were
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collected (McCormick et al., 1998). Baleage intake when wilted two to four hours
resulted in similar intake to bermudagrass hay in an experiment performed by Berthe et
al. (1991) where similar nutrient values were found in bermudagrass hay and baleage.
Palatability can be affected by mold caused by forages of less moisture content or not
enough WSC which can also negatively affect palatability of baleage for animals (Forte,
2017).
Annual Ryegrass
Annual ryegrass (Lolium multiflorum) is used in the Southeastern United States as
a cool season annual forage because of its tolerance for the cool, wet climate typical of
the Southeast in winter months (Ball et al., 2015). Ryegrass provides a uniform growth
pattern, increased yield and can sustain animals until warm season grasses start to grow if
managed properly (Martin, 2014). In addition, ryegrass has greater nutritive value
compared to warm season grasses (Martin, 2014). Nutritive values of ryegrass baleage
are 12% to 16% CP, 27% to 33% ADF, 47% to 53% NDF and 63% to 68% TDN on a
DM basis in the vegetative boot stage (Ball et al., 2015). If weather conditions are
favorable and depending on planting dates, ryegrass can be grazed from November
through May and may extend the grazing season while suppling forage of greater quality
that has a greater tolerance to increased stocking rates (Vendramini et al, 2006; Martin,
2014). Ryegrass can be used for hay or baleage, however due to the increased moisture
content of ryegrass, curing time might be extended if baled as hay (McCormick et al.,
2011). Weather can affect forage quality due to increased drying times resulting in later
harvest dates (Martin, 2014), or exposure to leeching. Ryegrass baleage has been shown
to maintain CP better than ryegrass hay with losses that were similar (McCormick et al.,
8

2011) or may be less (Hancock, 2010) compared to hay, making baleage a potentially
feasible way to preserve forage quality to benefit cattle when pastures are not providing
adequate nutrition (McCormick et al., 1998).
Dewhurst et al. (2003), determined that ryegrass has a concentration of 17.7% ±
5.9 WSCs when harvested in four cuts in the pre-, mid and early flowering stages over
two years. This is a greater concentration of WSC than alfalfa (6.4%), red clover (10.0%)
or white clover (8.4%; Forte, 2017). Water soluble carbohydrates provide energy for
fermentation by acid producing bacteria, thereby decreasing pH and increasing acid
production by acid producing bacteria which prevent clostridial fermentation which can
lead to losses from spoilage as well as decline in quality of baleage (Woolford and
Palhow, 1997). Warm season grasses contain less WSC than cool season grasses, also
weather during the period of the year that warm season grasses grow tend to be warmer
and less rain to be present (Martin, 2014). Lack of moisture in these grasses can lead to
baleage not having a great enough moisture content to properly ensile to the proper pH
(Martin, 2014).
Ryegrass can be cut in the boot stage which is greater moisture and would take
longer to wilt, making ryegrass in the boot stage of production less desirable for hay,
while providing greater nutritive value than mature ryegrass, is more suitable for baleage
(Martin, 2014). Utilizing baleage in the Southeastern United States can improve forage
quality by harvesting baleage in a quicker manner to reduce the chance of forage being
rained on and nutrients being lost (Martin, 2014; McCormick, 2013).
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Soybean Hulls
Soybean hulls are by-products from the production of soybean meal and soybean
oil (Pugh, 2003). Soybeans are cracked, air is used to remove the hull from the meat of
the soybean, then soybeans are separated into categories based on amount of bean meat
left on hulls (Blasi et al., 2000). Meat is removed from hulls and hulls are then toasted at
a temperature of 82.2 to 93.3 ℃ for 1.5 to 2.5 hours (Pugh, 2003). Hulls can be ground,
whole or can be pelleted (Merrill and Klopfenstein, 1985). Pelletizing soybeans often aid
in shipping by increasing bulk density of the product (Merrill and Klopfenstein, 1985).
Milling of grains has increased availability of milling by-products such as
soybean hulls (Trautman, 1987). Soybean hulls contain more fiber, decreased lignin and
starch with moderate amounts of protein (12.37 ± 2.15% CP) and energy (NEm 1.40
Mcal/kg, NEg 0.82 Mcal/kg; NRC, 2016; Trautman, 1987). Soybean hulls can be used as
a more economical energy source than corn or other starch concentrates. Due to less
amounts of starch, SHP have no negative effects of starch on ruminal digestion and/or to
substitute forage with soybean hulls as a fiber source in the diet (Kung and Lin, 1997).
Soybean hulls contain an NDF value of 64.8% and lignin value of 2.5% (NRC, 2016).
With greater amounts of NDF and less amount of lignin, soybean hulls can be synergistic
to forage based diets (Pugh, 2003). Cellulolytic bacteria that exist in the rumen to digest
forage can also ferment soybean hulls (Pugh, 2003).
Cattle Performance
Supplementation using soybean hulls to forage-based diets has been studied with
similar results being found. Anderson et al. (1988) utilized 48 steers in five grazing
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studies to evaluate performance of animals grazing smooth brome grass or corn stalk
pastures and supplemented with corn, soybean hulls both at a rate of 1.36 kg/d or no
supplement. Supplemented animals tended to have greater ADG than unsupplemented
animals. No difference was found between supplements (P > 0.5). The second
experiment was a factorial design (4 x 2) using four energy sources (no supplement,
rolled corn, ground soybean hulls or whole soybean hulls fed at a rate of 1.36 kg/d) on
rotation or non-rotation of pastures, again found supplemented cattle had greater ADG (P
<0.05) compared to unsupplemented cattle (0.77 vs 0.60 kg/d, respectively). In studies 3
and 4, spayed heifers (48) were used in a completely randomized design in a cornstalk
grazing experiment where animals were either not supplemented, supplemented with 1.36
kg DM of rolled corn or 1.36 kg DM of soybean hulls. Again, increased gains were found
in calves that were supplemented over not supplemented calves (P < 0.01). A
supplementation program that complements forage deficiencies was found to improve
animal performance (Anderson et al., 1988). It was concluded that supplementing
grazing animals with an energy source did result in greater gain and that no differences in
performance were found in these studies when corn was compared to soybean hulls as an
energy source (Anderson et al., 1988).
Trautman (1987) conducted two studies evaluating soybean hulls as a supplement
to beef cows grazing dormant native tallgrass pastures during winter. In experiment 1,
cows were fed 1.48 kg/d cottonseed meal, 2.62 kg/d corn/cottonseed meal blend or 3.45
kg/d soybean hulls on an individual basis. Cows consuming cottonseed meal lost 69.4 kg,
cows supplemented with corn cottonseed mix lost 60.8 kg and cows fed soybean hulls
lost 46.2 kg. In the second experiment, 74 mature, bred cows were fed four supplements
11

over 116 d. Supplements were the same as the first experiment with the addition of a
group of cows fed 2.63 kg/d of soybean hull/ cottonseed meal mix. Cows fed cottonseed
meal lost 30.1 kg, corn/cottonseed meal fed cows lost 11.8 kg, cows fed soybean
hulls/cottonseed meal mix lost 13.9 kg and cows fed soybean hulls lost 21.3 kg. Losses in
the second experiment were less than experiment one which was thought to be due to a
mild winter and increased growth of cool season grasses, increasing nutritive value of
pasture (Trautman, 1987). Supplements provided 610 g of CP/d while the
corn/cottonseed meal diet and the soybean hull supplemented cows consumed 2.2 kg
TDN/d greater than was supplied to the cottonseed meal fed cows. Additionally, four
intake studies were performed to compare corn vs soybean hull supplements on
digestibility and intake of native forage by mature lactating beef cows (Trautman, 1987).
Energy supplementation with soybean hull pellets or corn/cottonseed meal was found to
increase total tract organic matter (OM) digestibility compared to cottonseed meal alone
(Trautman, 1987). While TDN was balanced to be similar within diets, soybean hull
pellets were found to increase forage OM digestibility while corn/cottonseed meal was
found to depress OMI (Trautman, 1987). Corn/cottonseed meal mixture was found to
negatively impact ruminal utilization of forage due to starch being present, in contrast
soybean hull pellets were digestible and found to complement forage digestion resulting
decreased loss of body condition and increased calf weight (Trautman, 1987). Passage
rate of liquid was found to increase when animals were supplemented with soybean hulls
increasing the amount of water to the digestive tract (Trautman, 1987). These researchers
suggest that depending on water content of forage could help determine the optimum
concentration of soybean hulls to supplement in a diet.
12

Ruminal losses of ammonia can occur when calves are grazing cool season
pasture that contain CP in excess of 150 g/kg diet (Poppi and McLennan, 1995).
Ammonia loss from cool season forages is quite costly due to animals having to excrete
excess urea (Vendramini et al., 2006). To reduce excessive amounts of urea, cattle can be
supplemented with rapidly fermentable energy supplements that work in synergy by
increased microbial synthesis to utilize excess ammonia produced by these cattle (Hill,
1991). In an experiment performed by Pugh (2003), 6 ruminal and duodenal cannulated
steers were utilized in a cross over design analyzing fresh cut endophyte infected tall
fescue fed free choice or free choice endophyte infected tall fescue with the addition of
0.70% BW soybean hulls as a supplement. Ruminal ammonia nitrogen was compared
between the two treatments (Pugh, 2003). Ammonia nitrogen was reduced from 3.7 mM
to 2.3 mM in calves supplemented with soybean hull pellets (Pugh, 2003).
Supplementation with soybean hulls were found to enhance microbial CP. Duodenal flow
of non-microbial CP was found to increase in supplemented calves (207 g/d not
supplemented versus 313 g/d for supplemented calves; Pugh, 2003). Researchers
concluded that soybean hull supplementation has the potential to increase production due
to increased utilization of ruminal ammonia nitrogen resulting in greater CP
disappearance in calves supplemented with soybean hull pellets (Pugh, 2003) in
situations where overall CP is greater than 15%.
Horn et al. (1995) conducted an experiment using 84 steer calves evaluating the
effects of greater starch supplement that consisted of a corn- based ration or greater fiber
supplement that consisted of soybean hulls and wheat middlings as supplements for
performance of weaned beef cattle grazing wheat pasture. Supplements were fed at a rate
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of 0.65% BW and contained 88 mg of monensin/kg diet. Intake of supplement was
estimated to be 2.04 kg (Horn et al., 1995). Stocking density was found to improve when
animals were supplemented. Gains were found to be similar in animals that were
supplemented (1.07 kg/d) with no effect of treatment, while non-supplemented animals
gained 0.92 kg/d. In this experiment with animals being supplemented, stocking density
was able to increase by 33.0% (1.24 to 1.65 steers/ha) as well as increasing performance
(0.15 kg/d). Anderson et al. (1988) conducted an experiment using 48, beef steers with
an average BW of 256 kg, grazing smooth brome or corn residue pastures to compare
corn and soybean hulls as an energy supplement. Steers fed soybean hulls or corn tended
to perform better than unsupplemented counterparts (1.13 kg/d gained for supplemented
animals, 1.04 kg/d gained for animals not supplemented; Anderson et al., 1988). No
difference was observed in rate of gain or final gain between calves fed soybean hulls or
corn as an energy supplement (Anderson et al., 1988).
Supplement substitution effects on forage digestibility
Energy supplements have been found to increase performance of cattle when
forage energy is deficient (Pugh, 2003). Concentrates can be added to forage diets to
improve quality of beef as well as to enhance animal performance (Pugh, 2003).
Supplementation can also increase stocking densities and improve forage utilization
(Horn et al., 1995; Pugh et al., 2003; Kunkle et al., 1999). A substitution effect can occur
when a supplement is added at a rate to where it will depress forage intake while
increasing or maintaining energy intake (Caton and Dhuyvetter, 1997). The purpose of
supplementing animals would be to mitigate deficiencies in forage diets (Kunkle et al.,
1999). When supplementation of starch- based concentrates are added, research has
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shown that forage intake and fiber digestion is reduced (Hoover, 1986; Galloway et al.,
1993; Moore et al., 1995). Supplements containing fiber in diets containing forage have
shown to increase intake and ADG due to promoting healthy cellulolytic bacteria in
animals’ rumen than amylolytic bacteria that digest starch and decrease rumen pH,
decreasing cellulolytic bacteria and disrupting the ability for ruminants to digest fiber
(Pugh, 2003).
Visser and Groot (1980) performed an experiment on stalled dairy cows where
corn or soybean hull pellets were offered ad libitum to cattle at the beginning period of
lactation. Hay was offered at 7.5 kg DM. Cows consumed 2.8 kg DM/d more of the
fibrous concentrate than starch concentrates (Visser and Groot, 1980). Milk production
also increased in cows fed the fibrous concentrate over the starch containing concentrate
(Visser and Groot, 1980). Greater milk production was associated with a more neutral
rumen pH and greater acetic acid/propionic acid ratio (Visser and Groot, 1980). Royes et
al. (2001) compared corn, sugar cane molasses or soybean hulls as an energy supplement
at rates of 0, 1.4 or 2.8 kg DM in growth experiment using 98 crossbred steers fed
ammoniated stargrass hay as well as grazing dormant bahiagrass pastures. Royes et al.
(2001) found that increasing the amount of supplementation did decrease hay intake but
increased total intake. Feed efficiency and daily gains were greater for animals
supplemented with corn or soybean hulls (0.94 kg) than steers supplemented with
molasses at corresponding amounts (0.78 kg). It was concluded that molasses was not
utilized as efficiently as corn or soybean hulls (Royes et al., 2001). Additionally,
researchers found feeding soybean hull pellets resulted in fewer negative effects, such as
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decreased rumen pH, reduced NDF and ADF digestibility and depressed intake when
compared to steers fed similar amounts of corn (Royes et al., 2001).
Digestion Kinetics
Starch can negatively affect the rumen microbiota if fed in amounts that cause a
change in microbial population (Owens and Goetsch, 1988). Starch is broken down into
volatile fatty acids (VFA) and crease an acetate: propionate ratio close to 1, which can
decrease rumen pH (Owens and Goetsch, 1988). Ruminants consuming large amounts of
concentrate produce more hydrochloric acid in the abomasum and less saliva due to
smaller particle size of the feedstuff (Owens and Goetsch, 1988). This will decrease
rumen pH between 6.2 and 7.0 in a normal, healthy rumen, to between 5.5 and 6.5
(Owens and Goetsch, 1988). Rumen pH below 6.0 can decrease fiber digestion by
reducing cellulolytic bacteria activity (Ørskov, 1982). Amylolytic bacteria increase
compared to cellulolytic bacteria which contribute to reducing forage intake and forage
digestion (Caton and Dhuyvetter, 1997). Sanson et al. (1990) utilized 4 ruminally
cannulated 550 kg steers as well as 4, unmodified steers (270 kg) to determine intake and
digestibility of decreased quality hay when fed corn and a protein supplement at different
rates. Hay contained a 4.3% CP and was offered to steers, ad libitum (Sanson et al.,
1990). Corn was fed with a protein supplement at 0.26% BW and was found to increase
hay intake 10% more than unsupplemented cattle. When corn was supplemented at
0.52% BW hay intake decreased 18% less than unsupplemented steers (Sanson et al.,
1990), suggesting that when CP requirements are met, and corn is supplemented at the
0.5% BW, there is a negative effect on forage digestion (Sanson et al., 1990).
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To counteract negative effects of starch in the diet, greater fiber by-product feeds
can be used to provide energy without causing digestive upset (Horn et al., 1995). Being
able to maintain rumen pH in a homeostatic range can increase microbial protein
synthesis and result in better utilization of forage that is being consumed by grazing
cattle. Fiber by-products such as soybean hull pellets, wheat middlings and corn gluten
feed have greater amounts of digestible fiber and CP with lesser concentrations of starch
or NSC than starch heavy concentrates (Horn et al., 1995; NRC, 2016). Fiber degradation
occurs more slowly in greater fiber by-products than corn and keeps rumen pH from
decreasing (Madzonga, 2012). By keeping rumen pH in a desirable range as well as to
help increase utilization of rapidly degraded forage, such as ryegrass, increased animal
performance can be observed when feeding fiber based supplements compared to starchbased supplements (Horn et al., 1995; Anderson et al., 1988; Pugh, 2003). Ryegrass
pastures before seeding stage, often have greater CP that can produce large amounts of
ammonia in the rumen to be utilized by microbes (Lopez et al., 1991). For maximum
microbial protein synthesis, supplementation with fiber- based feeds has been shown to
help nutrient utilization by increasing microbial protein utilization (Trautman, 1987).
Passage Rate
Rate of passage is affected by diet composition, particle size, feed additives,
methods of feeding, breed of cattle, temperature, amount of feed being fed and animal
variation (Owens and Goetsch, 1986). Rate of passage is related to digestibility and
intake of feeds cattle consume (Ellis, 1978). By evaluating the rate of passage of cattle
rations, nutrient availability from rations can be calculated (Ellis, 1978). As rate of
17

passage increases, digestibility of feed decreases (Aitchison et al., 1986). Increasing feed
intake conversely, decreases the amount of time particulate matter can be held in the
digestive tract to be digested and absorbed, resulting in increased passage rate (Warner,
1981). McCollum and Galyean (1985) determined decreased forage intake was related to
increased gut fill due to reduced digestibility of forage which increased time particulate
matter and digesta were in the rumen. Van Soest (1982) determined that rate of passage
was more important in determining intake than rate of digestion. Cell wall content is
related to intake of feed (Van Soest, 1982). As plants mature and lignin content increases
in forage, forage becomes less digestible and intake has been shown to decrease due to
increased time in the rumen (Schroeder, 2004). Increased surface area and intracellular
space effect the retention time and digestibility of feed (Trautman, 1987). With feed
intake being altered, it is expected that rumen retention time would also be altered
(Warner, 1981). Starch can negatively impact passage rate due to decreased fiber
utilization causing decreased nutrient utilization and decreased performance (Fick et al,
1973). Selecting grains that compliment forage species grazed can help increase fiber
utilization by ensuring optimal amounts of N (Pordomingo et al., 1991).
Pordomingo et al. (1991) conducted an experiment to evaluate supplementing
corn on OM digestion, digesta kinetics and ruminal fermentation patterns. Corn was
supplemented at a rate of 0%, 0.2%, 0.4%, or 0.6% BW (Pordomingo et al., 1991).
Researchers found a tendency to increase passage rate when corn was fed at a rate of
0.2% BW to 16 ruminally cannulated steers. Particles of corn and summer blue grama
grass stayed in the rumen for a period that related quadratically with increasing corn.
McCollum and Galyean (1985) supported this finding for steers grazing similar type
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grasslands. Animals consuming 0.4% or 0.6% BW corn had decreased forage OMI
compared to 0% or 0.2% BW corn (Pordomingo et al, 1991).
Mertens and Loften (1980) found that time for digesta to pass through the rumen
increased when starch increased in the diet, fiber digestion decreased markedly in the
rumen when starch was fed but the reasoning of this was not thought to be related to
increased lag time. This depression of fiber digestion was also seen by el-Shazly et al.
(1961) and Hershberger et al. (1956). Discrepancies between in vitro and in vivo studies
performed by Mertens and Lofens (1980) where fiber digestibility in vitro were greater
than fiber digestibility in vivo. Reasons for differences were hypothesized to be due to
pH in a controlled in vitro environment versus the rumen environment where rumen pH
may be more dynamic and reduce cellulolytic activity (Mertens and Loftens, 1980).
Studies evaluating performance of calves fed ryegrass baleage as well as how
cattle perform when supplemented with soybean hull pellets have been conducted.
Research looking at supplementing calves fed baleage has not been evaluated in respect
to the amount of supplementation. The objective of this experiment was to evaluate
performance, serum glucose and passage rate of weaned beef calves fed ryegrass baleage
and supplemented with three different concentrations of soybean hull pellets.
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CHAPTER II
EFFECT OF VARIOUS CONCENTRATIONS OF SOYBEAN HULL
SUPPLEMENTATION ON PERFORAMNCE AND SERUM
CHEMISTRY OF WEANED BEEF CATTLE FED
RYEGRASS BALEAGE
Introduction
Producers turn to stored forages to supplement cattle when adequate pasture is not
available (Martin, 2014). One of the components of the stocker system is to add weight to
lightweight weaned beef cattle as cost effectively as possible (Peel, 2003). Feed costs are
one of the greatest expenses a stocker producer has after purchasing livestock (Peel,
2003). Forage is often utilized in a stocker type system, at a reduced cost of gain than
what would occur at the feedlot (Rhinehart and Poore, 2013), and more frequently so in
the Southern United States due to the climate and rainfall (Forte, 2017).
One option for storing forage while maintaining nutritive value at time of harvest
is baleage. If baleage is harvested and ensiled correctly, there is potential to preserve the
nutrient value of the harvested forage and decrease the time between cutting and
collection from field (McCormick, 2013). The Southeastern United States experiences
greater amounts of rainfall compared to other parts of the U.S. and humidity makes
quality hay production difficult (Martin, 2014). Being able to harvest forage at optimum
point of growth is a factor which influences nutritive value (McCormick, 2013). Forages
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harvested at greater nutritive value have greater leaf retention and greater moisture
content thereby increasing drying time (Ball et al., 2015; Marin, 2014). Longer periods
of time required to cure hay increases the exposure of hay to potential rainfall
(McCormick, 2013). When forage is subjected to rainfall, nutrient leaching, loss of
nutrient value of that forage, can decrease the nutrient value of forage when fed (Pruitt
and Lacy, 2013). Cool season grasses are ideal for baleage production due to protein
content, moisture content and soluble sugars to aid in fermentation (Forte, 2017).
Dietary supplementation of cattle in a stocker system can make up for deficiencies
in forage, producers may use energy or protein concentrates to supplement grazing
animals (Peel, 2003). When feeding cool season forages, such as ryegrass, and harvesting
the forage as baleage, energy tends to be the limiting nutrient more often than protein
(Forte, 2017). For optimum performance Moore et al. (1999) innumerate ideal TDN: CP
ratio using data from 66 publications involving 126 forages and 444 comparisons of
control, unsupplemented and supplemented animals. Moore et al. (1999) discussed that
the ideal TDN:CP ratio was < 7, at this ratio animals have sufficient amounts of N as well
as energy to be productive and grow most efficiently. Soybean hulls are a by-product of
soybean meal processing and have been found to be comparable to corn as an energy
source for grazing cattle (Anderson et al., 1988).
While numerous studies have examined feeding soybean hull pellets in addition to
forage, research is lacking that examines effects of soybean hulls fed to cattle being fed
ryegrass baleage and identifying the optimal amount of soybean hulls to feed to these
cattle. The objective of this experiment was to evaluate performance and blood
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metabolites of weaned beef calves fed ryegrass baleage and supplemented with three
different concentrations of soybean hull pellets.
Materials and Methods
A 47 d performance experiment was conducted at the Mississippi State
University, White Sand Branch Unit 16 km west of Poplarville, Mississippi (30.795110, 89.693069) to evaluate three concentrations of soybean hull pellet supplementation
(SHP) (0% (TRT 0), 0.5% (TRT 0.5) or 1% (TRT 1) of BW) to be fed to weaned beef
calves fed ryegrass baleage. All procedures were reviewed and approved by the
Mississippi State University Institutional Animal Care and Use Committee (17-507).
Forage Management
Pastures of bahiagrass (Paspalum notatum) were grazed and clipped to a height of
approximately 2.54 cm in the fall of 2016. Pastures were then lightly disked to break up
manure and forage piles the week of November 28, 2016. Potassium and phosphorous
were added prior to drilling according to soil test recommendations, in addition to P, and
K, 45 kg/acre of a slow release urea were applied to all pastures using a commercial
fertilizer spreader truck. A Great Plains No Till Drill™ (Salina, KS) was used to plant
TAMTBO variety tetraploid annual ryegrass (Lolium multiflorum) at a rate of 39 kg/ha.
In January 2017, 67 kg/ha of nitrogen, as a slow release urea pellet, was added. Annual
ryegrass was harvested at the early boot to boot stage on April 12 and 13, 2017. Baleage
was cut with a KMC Disk Mower Caddy (Tifton, GA) and allowed to wilt to 45%
moisture then raked and baled with a Vermeer Rancher hay baler (Pella, IA). After
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baling, forage was wrapped in a tube wrapper with dry hay bales at both ends of the tube
to create an anaerobic environment within the tube to allow for proper ensiling.
Cattle Management
Sixty weaned beef steers and heifers (BW = 216.2 ± 7.5 kg) were used in a 47 d
experiment to evaluate performance and blood glucose of animals consuming diets
consisting of annual ryegrass baleage and SHP. This experiment started September 22,
2017 and was completed on November 7, 2017. The original experiment was designed to
be 56 d in length however due to unforeseen damage to baleage, the length of the
experiment was amended. Cattle were weaned 30 d before the beginning of the
experiment, vaccinated against respiratory and clostridial pathogens and were treated
with anthelmintic. Calves were adapted to eating from a bunk by using small amounts (1
kg/hd) of soybean hulls previous to the experiment period. Upon initiation of the project,
calves were weighed and sorted by sex, randomly stratified by BW within pen and pens
were randomly assigned a treatment. Twelve, 1.2-hectare pens, were utilized with five
calves of the same sex and stratified by BW per pen with four pens per treatment and two
pens per treatment per sex. Three diets consisted of: TRT 0, TRT 0.5 or TRT 1 with
calves having ad libitum access to baleage. All concentrations of SHP were assigned on a
DM basis. Prior to the experiment and throughout, pens were clipped to less than 2.54 cm
height to ensure animals were not able to acquire supplemental nutrition from forage.
Bales of baleage were cut out of plastic wrap and weighed before being fed to
calves. It was determined, based upon previous experience feeding baleage during that
season, that 5 d was an acceptable amount of time for baleage to be provided for animals
and baleage not be affected by spoilage. When 5 d post-feeding or less than 91 kg
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remained, baleage was collected and weighed to calculate intake of baleage. Cattle had
access to loose beef mineral composed of 17.10% Ca, 8.00% P, 10.8% salt, 2.00% Mg,
440,529 IU/kg vitamin A, 44,053 IU/kg vitamin D3, and 441 IU/kg vitamin E
(Cattlemen’s Edge, Provimi North America, Brookville, OH) and water at all times.
Sample Collection and Laboratory Analysis
On d 1, 28 and 48, 10 mL of blood was collected via jugular veinipuncture using a
20 gauge needle in red top vacutainer tubes. After blood samples were collected, blood
was spun for 15 minutes at 5000 x g before being stored at -20 ◦C until serum glucose
evaluation was analyzed with only d 1 and d 48 being analyzed. Serum glucose was
analyzed by using a colorimetric assay kit (Thermofisher Scientific, Waltham, MA,
Assay number- EIAGLUC, read at wavelength- 560 nm). Baleage that would be fed to
calves in this experiment was collected and analyzed to calculate diets. Before baleage
was fed to each pasture, six random grab samples were taken from outer layers bales,
dried in a forced air oven at 80◦C, ground in a Wiley Mill (Thomas Scientific,
Sweedsboro, NJ) using a 1 mm screen and was analyzed using NIRS infrared
spectrophotometer (NIRS, Foss 2500, Foss North America, Eden Prairie, MN) to obtain
quality data to be able to back calculate diets. Samples of baleage were collected from
bales being fed to calves by collecting six grab samples from one side of the bale. After
baleage was fed to calves, remaining amounts were collected, grab samples were again
obtained and dried to calculate DM of baleage consumed by calves.
Evaluation of TDN of annual ryegrass baleage was calculated using TDN =
98.625-1.048*ADF as per the NRC (2016). Grab samples were taken before baleage was
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fed and collected after being fed to calculate DMI of calves. Samples were pooled and a
composite sample was tested from each pasture after the 47 d trial.
Statistical Analysis
Data from the performance experiment were analyzed using PROC MIXED of
SAS 9.4. A complete randomized block design was used where animals were blocked by
sex and stratified by body weight. Pen was the experimental unit in the 47 d experiment.
Treatment was considered a fixed effect. Data were analyzed for initial BW, d28BW,
final BW, d1-28ADG, d1-48ADG, baleage DMI d 1-48, SBH DMI d 1-48, DMI d1-48,
Block was a random effect. Means were separated by Tukey’s test. Differences were
declared at P < 0.05 for all analysis.
yij= µ + τi + βj + ε

(2.1)

yij = observation of ij
µ = overall mean
τ = effect of treatment
β = fixed effect of block
εij = random error with mean 0 and variance σ2
i = number of treatments
j = number of blocks
To measure glucose, PROC MIXED of SAS 9.4 was used with repeated measure.
Treatment, time and treatment by time were fixed effects with glucose being the response
variable. Subject was animal nested within time (d 1 or d 48).
yijk = µ + τi + δij + tk + (τ*t)ik + ε ijk
yijk= observation of ijk
µ= overall mean
τ = effect of treatment
t = effect of period
(τ*t) = effect of interaction between treatment and period
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(2.2)

δ = random error with mean 0 and variance σ2δ, the variance between (subjects) within
treatment, equal to the covariance between repeated measures within animals
εijk = random error with mean 0 and variance σ2, the variance between measurements
within animals
i = number of treatments
j = number of subjects
k = number of periods
Results and Discussion
Performance
When evaluating calves’ performance, animals were consuming baleage with CP
content of 13.5% and a TDN content of 64.3% (Table 2.1). Based on NRC (2016)
requirements should result in gain of 0.57 kg/d without supplement (Table 2.2). No
difference in initial BW of calves was found between treatment groups (P > 0.05, Table
2.3). Final BW of calves being fed no supplement (230.0 ± 9.3 kg, Table 2.3) was less
than that of calves being fed TRT 0.5 (241.6 ± 9.3 kg), similarly TRT 1 had greater body
weights after a 47 d period (250.9 ± 9.3 kg). Least square means for performance of
calves fed TRT 0, TRT 0.5 or TRT 1 while consuming annual ryegrass baleage were
evaluated and found that supplemented calves gained more than counterparts not being
supplemented (P < 0.05) calves receiving TRT 1 gained more than calves receiving TRT
0.5 (P < 0.05). From d 1 to 28, there was an overall difference in BW among treatments
(P < 0.05). Calves receiving no supplement weighed 228.9 ± 11.3 kg, a 12 kg increase in
BW from initial BW of 215.8 ± 2.4 kg. Calves receiving TRT 0.5, weighed 233.3 ± 11.3
kg on d 28 while calves being fed TRT 1 weighed 239.1 ± 11.3 kg. There was no
difference in BW between the control group, not receiving any supplement, and calves
eating TRT 0.5 (P > 0.05) on d 28. Calves receiving TRT 1 had gained 10.2 kg more than
control calves, increasing BW from 216.4 ± 7.4 to 239.1 ± 11.3 kg (P < 0.05). Anderson
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et al. (1988) did not find differences in cattle performance when an energy supplement
was added to the diet of cattle grazing bromegrass in the fall. Supplementation of corn or
whole soyhulls was found to not be different as well (Anderson et al., 1988). No
difference in performance of supplemented or non-supplemented animals was
hypothesized to be due to grazing animals not being energy deficient on lush smooth
bromegrass pastures (Anderson et al., 1988). In relation to the present experiment, this
would suggest that calves were benefiting from an additional energy supplement when
fed ryegrass baleage. Nutrient Requirements of Beef Cattle (2016) requirements for 200
kg animals to grow more than 0.6 kg/d would have to receive a diet that contains greater
than 65% TDN. With ryegrass baleage in this experiment having a TDN of 64.3% an
energy supplement would benefit calves if greater gains were desired.
Average daily gain over the 47 d period was greatest for calves consuming TRT 1
(0.74 ± 0.1 kg). Calves not consuming any supplement gained the least per day (0.30 ±
0.1 kg). The least squares means of ADG revealed that calves gained more when
supplemented (TRT 0.5 ADG 0.54 vs. TRT 0 ADG 0.30 kg) and as supplementation of
SHP increased ADG increased (TRT 0.5 ADG 0.54 kg/d vs. TRT 1 ADG 0.74 kg/d; P <
0.05; Table 2.3). Garcés-Yépez et al. (1997) conducted an experiment evaluating calves
having ad libitum access to bermudagrass hay with greater and lesser amounts of
supplementation that accounted for 25% or 50% of total TDN or no supplement, when
feeding corn-soybean meal diet, wheat middlings diet, or ground soybean hull containing
diet. Average daily gains of animals supplemented with 50% TDN and 25% TDN
amounts of soybean hull diet were numerically greater than the present experiment with
similar supplementation amounts (Garcés-Yépez et al., 1997). Calves receiving 25%
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TDN supplementation consumed 0.48% of BW and had an ADG of 0.61 kg/d while 50%
TDN supplementation groups consumed 1.04% BW and had an ADG of 0.95 kg/d
(Garcés-Yépez et al., 1997). In agreement with the current experiment, Anderson et al.
(1988) reported steers grazing smooth brome grass with no supplement had slower ADG
(0.60 kg/d) than calves that were grazing and supplemented (0.77 kg/d). These
researchers found that during the 138-d period ADG decreased across all groups
(Anderson et al., 1988). A similar trend was found where in the first 28 d of the
experiment calves receiving TRT 0, TRT 0.5 or TRT 1 gained 0.47 kg/d, 0.59 kg/d, or
0.81 kg/d, respectively. From d 1 to d 48 calves had ADG of 0.30 kg/d, 0.54 kg/d or 0.74
kg/d for TRT 0, TRT 0.5, or TRT 1, respectively. Net energy of maintenance and gain
were back calculated based upon NIRS calculation of TDN (Table 2.2).
Calves consumed a greater amount of DM from baleage when fed TRT 0 (P <
0.05, Table 2.3). Calves not receiving any supplement consumed 5.33 ± 0.24 kg per day
of baleage. When animals were fed TRT 0.5 calves consumed 4.06 ± 0.24 kg per day of
baleage. When fed TRT 1, calves consumed 4.02 ± 0.24 kg of baleage per day. No
difference in DMI of baleage was found between supplemented groups, however when
calves were fed TRT 1 compared to calves that had no supplement, supplemented calves
had greater consumption of both feed and baleage. Anderson et al. (1988), Chase and
Hibberd (1987) and Carey et al. (1993) discussed that supplementation tends to decrease
forage consumption based on TDN of the diet. As the diet increases in energy,
chemostatic and thermogenic factors control consumption of feed and forage (Anderson
et al., 1988). Moore et al. (1999) discussed that supplements decreased forage intake
when supplemental TDN increased to >0.7% of BW and cattle had greatest ADG when
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CP was > 0.05% of BW. An expected result of this would be calves fed an energy
supplement to consume less baleage than calves not receiving a supplement. Neutral
detergent fiber (NDF) was analyzed for each diet but no difference was found between
treatment or period. Suggesting in the present experiment calves receiving TRT 1 would
consume less baleage than calves receiving TRT 0.5, however this did not happen,
potentially due to calves not receiving enough energy from supplementation of SHP
combined with baleage in the diet to depress forage consumption. With regards to calves
that were supplemented, those supplemented with TRT 0.5 consumed 1.2 kg of baleage
less per day than calves fed TRT 1. Baleage DMI differed among treatments (P < 0.05).
When comparing least square means, unsupplemented calves consumed 5.33 ± 0.3 kg of
baleage per day while calves fed TRT 0.5 consumed less baleage per day (4.06 ± 0.3 kg).
Calves receiving TRT 1 consumed 4.02 ± 0.3 kg per day of baleage which was not
different from TRT 0.5 but less than TRT 0 (P < 0.05). Garcés-Yépez et al. (1997) found
a similar occurrence where animals that had greater amounts of supplementation had
greater total DMI where cattle supplemented consumed 2.5% of BW where
unsupplemented animals consumed 1.99% BW.
To evaluate feed cost, the cost of both baleage and SHP consumed by each group
of calves was calculated. A cost of $20/bale plus an additional $6 in plastic wrap was
assigned to baleage (McCormick, 2013). Feed cost was greater when calves were fed
TRT 1 ($1.40 ± $0.06/d, P < 0.05, Table 2.4) compared to TRT 0.5 ($1.06/d). Cost of
supplementing with TRT 0.5 was similar to no supplemental SHP being added in the diet
($0.94, P > 0.05). A total cost evaluation was performed in addition to feed cost. Total
cost includes cost of labor to put out SHP as well as baleage, cost of machinery and cost
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of feed. Total cost was greatest for TRT 1 ($8.57/d) and least for TRT 0 ($4.54/d, P <
0.05, Table 2.4). Total cost of TRT 0.5 ($8.30/d) was greater than TRT 0 and less than
TRT 1 (P < 0.05) A cost of gain calculation was used to evaluate the cost of supplement
and baleage being fed over how many kilograms animals gained showed that animals not
being supplemented had the greatest incurred cost of gain at $3.13, while calves that were
supplemented had cost of gains from $1.96 for TRT 0.5 to $1.89 when calves were fed
TRT 1, which were found to be similar (P > 0.05). Gain to feed ratios were calculated
and found to be greater for supplemented calves than calves not receiving supplement (P
< 0.05). Calves consuming TRT 0.5 had a gain to feed ratio of 0.101, not different from
calves supplemented with TRT 1 with a gain to feed ratio of 0.115, conversely calves not
supplemented had a gain to feed ratio of 0.058. Forte (2017) found feed cost per head per
day of cattle fed annual ryegrass baleage of $1.37 when 18 kg/hd/d was fed. Similar cost
of wrapping baleage was found by Pruitt and Lacy (2013) as well as Hersom et al. (2007)
of $1.26 per head per day.
Serum Glucose
Serum glucose collected on d 1 and d 48 was analyzed to evaluate the effect of
treatment on serum glucose. A treatment by time interaction (P < 0.05) was found for
serum glucose therefore main effects were not evaluated. On d 1, calves not
supplemented had similar glucose concentrations to animals consuming TRT 0.5 and
TRT 1 (55.16 ± 0.04, 59.69 ± 0.04 and 50.24 ± 0.04 mg/dL, respectively; P > 0.05, Table
2.5). On d 48, calves not receiving supplement had similar glucose values to animals that
were receiving TRT 0.5 and TRT 1 (P > 0.05) (48.13 ± 0.04 mg/dL vs. 40.37 ± 0.04
mg/dL vs. 50.75 mg/dL, respectively). Serum glucose concentrations decreased from
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59.69 ± 0.04 mg/dL on d 1 to 40.37 ± 0.04 mg/dL on d 48 in calves receiving TRT 0.5 (P
< 0.05). On d 48, calves supplemented with TRT 0.5 had decreased serum glucose (40.37
± 0.04 mg/dL) compared to calves fed TRT 0 on d 1 (55.16 ± 0.4 mg/dL; P < 0.05). For
the 47 d feeding period, serum glucose concentrations were maintained or decreased
within treatment group. Dennis et al. (2012) fed fescue and red clover hay or baleage to
prepubertal dairy heifers and had decreasing glucose concentrations over a 28 d period.
Owens et al. (1998) discussed that rumen concentrations of glucose are typically lesser
and not considered to be of great importance; however, when ruminants are fed starch,
rumen glucose can exceed blood glucose concentrations found in blood. While great
differences were not found in blood glucose concentrations in this experiment, in
following experiments it could potentially be of use to evaluate how rumen glucose is
affected by different amounts of supplementation of SHP to better understand what
mechanisms are affecting animals to effect performance.
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Table 2.1

Nutrient composition of annual ryegrass baleage and soybean hull pellets
(SHP) fed to calves during performance experiment calculated using NIRS

Baleage1
SHP
DM (%)
45.00
90.04
TDN (%)
64.25
62.60
Ash (% DM)
9.56
5.05
Protein (% DM) 13.38
12.37
NDF (% DM)
55.24
64.81
ADF (% DM)
32.80
46.40
Fat (% DM)
2.99
2.28
1
Values calculated using NIRS, dried and ground before analysis, using equation for
grass hay 2017
TDN, Ash, Protein, NDF, ADF and Fat are reported on a DM basis
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Table 2.2

Back calculation of NEm and NEg based on NIRS values calculated using
NRC equations
Treatments1
TRT 0.5
1.39

TRT 0
TRT 1
NEm of
1.39
1.39
2
baleage
(Mcal/kg)
NEm of SHP
0
1.40
1.40
(Mcal/kg)
NEg baleage
0.77
0.77
0.77
(Mcal/kg)
NEg SHP
0
0.82
0.82
(Mcal/kg)
ADG Expected 0.57
0.56
0.84
(kg/d)
ADG Achieved 0.30
0.54
0.73
(kg/d)
1
TRT 0 = calves fed 0% body weight of soybean hull pellets, TRT 0.5 = calves fed 0.5%
body weight of soybean hull pellets, TRT 1 = calves fed 1% body weight of soybean hull
pellets all on a DM basis
2
See Appendix A for equations used to calculate NEm and NEg
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Table 2.3

Least square means of calf performance by calves consuming annual
ryegrass baleage and supplemented with one of three treatments during a
47 d experiment

Animals (# of pens)
SHP intake kg/d
Baleage Intake, kg/d
1 to 28
29 to 48
1 to 48
Total DMI, kg/d
1 to 28
29 to 48
1 to 48
Baleage intake, % BW
1 to 28
29 to 48
1 to 48
Total DMI, % BW
1 to 28
29 to 48
1 to 48
Body Weight, kg
1
28
48
ADG, kg/d
1 to 28
1 to 48

TRT 0
20 (4)
0

Treatment1
TRT 0.5
20 (4)
1.19

TRT 1
20 (4)
2.42

SEM

P- Value
TRT

4.90
5.97
5.33b

4.15
3.93
4.06a

4.02
3.96
3.99a

0.24
0.57
0.25

0.0646
0.0539
0.0099

4.90a
5.97
5.33a

5.26a
5.16
5.26a

6.23b
6.49
6.42b

0.23
0.57
0.26

0.0101
0.3091
0.0216

2.27
2.61b
2.32b

1.92
1.68a
1.68a

1.87
1.66a
1.60a

0.11
0.23
0.10

0.0672
0.0307
0.0022

2.27a
2.61
2.32

2.43a
2.20
2.18

2.88b
2.72
2.56

0.11
0.23
0.10

0.0120
0.3019
0.0789

215.80
228.87a
230.02a

216.28
233.31a
241.59b

216.37
239.07b
250.98c

7.45
11.28
9.26

0.9469
0.0190
0.0002

0.47a
0.30a

0.59a
0.54b

0.81b
0.74c

0.31
0.05

0.0036
0.0003

a,b,c Means within row differ (P < 0.05)
1 TRT 0 = calves fed 0% body weight of soybean hull pellets, TRT 0.5 = calves fed 0.5%
body weight of soybean hull pellets, TRT 1 = calves fed 1% body weight of soybean hull
pellets all on a DM basis
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Table 2.4

Cost associated with performance of calves consuming annual ryegrass
baleage and supplemented with one of three treatments during a 47 d
experiment
Treatments1
TRT 0

TRT 0.5

TRT 1

SE

P-Value

Feed Cost,
$/d

0.94a

1.06a

1.40b

0.06

0.0002

Cost of
Gain, $/kg

3.13a

1.96b

1.89b

0.0004

0.0300

Total Cost,
$/d

4.54a

8.30b

8.57c

0.03

<0.0001

Gain : Feed

0.058a

0.101b

0.115b

0.01

0.0017

a,b,c

Means differ within row (P < 0.05)
TRT 0 = calves fed 0% body weight of soybean hull pellets, TRT 0.5 = calves fed 0.5%
body weight of soybean hull pellets, TRT 1 = calves fed 1% body weight of soybean hull
pellets all on a DM basis
1
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Table 2.5

Serum glucose of calves on d 1 and 48 of performance experiment

TRT 0

Treatments1
TRT 0.5

TRT 1

Glucose,
mg/dL

SEM

P-Value
TRT X
PERIOD
0.0212

1 55.16bc
59.69c
50.24abc
0.04
ab
a
abc
48 48.13
40.37
50.75
0.04
a,b,c
Means differ (P < 0.05)
1
TRT 0 = calves fed 0% body weight of soybean hull pellets, TRT 0.5 = calves fed 0.5%
body weight of soybean hull pellets, TRT 1 = calves fed 1% body weight of soybean hull
pellets all on a DM basis
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CHAPTER III
EFFECT OF VARIOUS CONCENTRATIONS OF SOYBEAN HULL
SUPPLEMENTATION ON DIGESTION OF WEANED
BEEF CATTLE FED RYEGRASS BALEAGE
Introduction
Evaluating intake and digestibility to increase productivity of animals is of
economic importance for cattle producers (Colucci et al., 1982). Since the 1970’s
implementation of supplementing energy to cattle fed medium to above average quality
forage has been researched and have shown that lessor amounts of supplementation have
yielded favorable performance of animals consuming these diets (Pordomingo et al.,
1991). Pordomingo et al. (1991) also showed increased forage intake at decreased amount
of supplementation and decreasing forage intake as % BW of corn was increased. When
making purchasing decisions it is important to know how forage intake will fluctuate
when different concentrations of supplement are added to the diet in order to best
structure the forage harvesting or purchasing schedule for the year (Garcés-Yépez et al.,
1997). Richards et al. (2006) evaluated intake, rumen fermentation and site of digestion
of endophyte infected tall fescue with and without soybean hull supplementation and
found supplementation increased total intake while decreasing forage consumption to
calves being supplemented with soybean hull pellets thereby increasing utilization of a
fiber based energy supplement when consuming quality pasture.
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The previous experiment evaluated the effects of soybean hull supplementation at
different rates on performance and serum glucose, with variable results regarding DMI
therefore, hypothesized these supplementation rates may affect digestion kinetics of
weaned beef calves consuming ad libitum baleage. Therefore, the objective of this
experiment was to evaluate passage rate of weaned beef calves fed ryegrass baleage and
supplemented with three different concentrations of soybean hull pellets.
Materials and Methods
A digestibility experiment was conducted at the White Sand Branch Unit,
(30.795110, -89.693069) using six cannulated beef steers (439 kg ± 42.4) to evaluate
digestion kinetics of three rates of soybean hull and ryegrass baleage diets. All
procedures were previously reviewed and approved by the Mississippi State University
Institutional Animal Care and Use Committee (18-151).
Forage Management
Forage management of baleage for the second experiment was similar to the first
experiment with annual ryegrass being planted on November 13, 2017 after a light
disking through the pasture to break up manure piles and baleage piles remaining from
experiment one. Soil samples were collected and N, P and K were added as suggested by
soil sample. A Great Plains No Till Drill™ was used to plant 39 kg/ha of TAMBO,
tetraploid annual ryegrass in the week of November 20, 2017. In January, N was added at
a rate of 67 kg/ha to pastures. Pastures were then harvested March 9, 2018 at the early
boot to boot stage by being cut with a KMC Disk Mower Caddy (Tifton, GA) and
allowed to wilt to 45% moisture then raked and baled with a Vermeer Rancher hay baler
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(Pella, IA). After baling, forage was wrapped in a tube wrapper with dry hay bales at both
ends of the tube and allowed to ensile until the feeding period began on May 21, 2018.
Cattle Management
Six previously ruminally cannulated steers (BW = 452.3 ± 42.2 kg) were utilized
in a crossover design to evaluate rate of baleage passage when fed in conjunction with
soybean hull pellets. Steers were housed in individual 3.7 m x 10.9 m pens on sand,
covered with a blocker commercial shade cloth to prevent heat stress. Steers were
allowed ad libitum access to water and the same mineral supplemented as in the previous
experiment. The experiment consisted of three, 7 d periods of diet adaptation and 3 d of
sampling with 14 d washout period where steers were placed on pasture. Steers were
randomly assigned to diets. Similar to experiment one, treatments were TRT 0, TRT 0.5
and TRT 1. All diets allowed for calves to have ad libitum access to annual ryegrass
baleage consumption. Supplement and baleage was fed in 3.05 x 0.79 m poly bunks
placed in the middle of the pen to prevent animals from eating across pens.
Supplementation amounts were calculated based on BW taken at the beginning of each
period and on a DM basis of soybean hull pellets. Baleage offered was adjusted each day
based on previous day’s intake. Feeding management was designed to result in 5% orts
each day.
Diets were offered once daily at 0700 h. Refusals were collected and weights
recorded at 0645 h. Composite samples were taken each period of baleage and soybean
hull pellets and dried in a forced air oven at 80 °C for 48 h then ground to pass a 1 mm
screen using a Wiley Mill then analyzed using near infrared spectrophotometer (NIRS).
On d 1, steers were weighed and sorted into individual pens. Body weight was used to
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calculate SHP feeding rate. Steers were sprayed for flies using 15 mL of StandGuard
Pour- on Insecticide (Elanco, Greenfield, IN). Treatment was assigned then baleage and
treatment rations were fed once in the morning. Steers were checked at various times
during the day to ensure they always had baleage to consume. On d 8 steers were
weighed, a 0 h rumen and fecal grab sample were taken before mordanted baleage was
administered, then steers were dosed with Ytterbium mordanted baleage via rumen
cannulas. Each steer was dosed with 65 g mordanted baleage in period one then increased
to 100 g mordanted baleage for periods two and three. Steers were then returned to
individual pens and fed. On h 0 before dosing, 4, 8, 12, 16, 20, 24, 30, 36, 42, 48, 60 and
72 rumen and fecal samples were collected. Grab samples were used to gather fecal
material. Rumen samples were collected by removing canula cap and extracting digesta
from rumen. Samples were bagged and then frozen at -20 °C until further analysis. After
each sampling period calves were returned to a common pasture where animals had
access to bahiagrass pasture with free choice access to mineral and water. No animals
showed no signs of distress or ailment at any point during the experiment or washout
period.
Mordanting Baleage
Baleage was mordanted as described by Galyean (1989). Liquid Ytterbium (Yb;
35% w/w) (Alfa Aesar, Tewksbury, MA) was used to mordant baleage. Baleage was
collected from baleage fed to steers in the same period and dried at 80 °C for 48, after
drying, baleage was cut to 2.54 to 5.08 cm in length, approximately 1500 g of baleage
was collected and split into three buckets containing 500 g each of baleage. To achieve
the desired amount of Yb/g forage, 11 mL of liquid YbCl3 was added to give the desired
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concentration of 2.5 g Yb/L water per 50 g of baleage, 10 L of water was added to the
solution. The solution was mixed every 6 h for 48 h then washed and dried at 80 ◦C for 24
h before being administered to cattle via canula to ensure all mordanted baleage was
administered to cattle. In period one, 65 g of mordanted baleage was administered to
cattle. In periods two and three 100 g of baleage with the same concentration of 2.5 g
Yb/L water per 50 g of baleage was administered to steers via canula. In all instances,
samples of the mordanted baleage used each period was stored for subsequent Yb
analysis to determine actual dosing amount of Yb.
Laboratory Analysis
During the digestibility experiment, grab samples were taken of baleage before
feeding. Samples were conglomerated by period and used for analysis. Baleage samples
were dried upon being collected. Baleage samples were ground using a Wiley Mill
(Thomas Scientific, Sweedsboro, NJ) to pass a 1-mm screen before NIRS analysis (Foss
2500, Foss North America, Eden Prairie, MN). Evaluation of TDN of annual ryegrass
baleage was (TDN = 98.625-1.048*ADF) as per the NRC (2016). Both baleage samples
prior to being fed and orts were collected before feeding every morning, weighed, dried
at 80 °C in a forced air oven for 24 h then weighed again. Baleage being fed was dried
then placed into a composite sample for each period. The composite was evaluated for
nutrient composition using the NIRS technique.
Fecal grab samples and rumen samples were collected from each of the six steers
over thirteen time points (before dosing, 4, 8, 12, 16, 20, 24, 30, 36, 42, 48, 60 and 72 h)
after being dosed with mordanted baleage via canula. Fecal samples were then analyzed
for concentration of Yb using an inductively coupled plasma- mass spectrometer (ICP41

MS) (Agilent, Santa Clara, CA). Two grams of fecal material were weighed into a weigh
boat, exact weights recorded and placed into microwave tube. Note was taken as to where
the tube would be located in microwave carousel. After fecal sample was placed into
microwave tube, 10 mL of HNO3 was used to rinse weight boat of fecal material.
Samples were allowed to sit for predigestion for one to two hours in a ventilated hood.
Caps were then placed on microwave tubes with a crank tool used for tightening
MARSXpress microwave tube (CEM Corporation, Matthews, NC) screw caps until two
clicks were heard, tubes were then placed in microwave carousel. Loaded carousel was
then placed into MARSXpress microwave digester. Fertilizer (AOAC 2006.3) was the
method selected for digestion of samples. Samples were allowed to digest then cooled for
12 hours, carousel was removed from digestor and tubes placed in ventilated hood. Caps
were removed, being cautious of acid vapors, open tubes were allowed to cool for 30
minutes before being transferred to a 50 mL volumetric flask and brought to volume with
deionized water. Samples were then filtered with 0.45 µm, 33 mm PVD filter into ICP
sample tubes before being analyzed by ICP-MS machine.
Statistical Analysis
For the passage rate experiment PROC NLIN described by Galyean (1980) was
used to find k1, k2, and tau. These values found passage rate through the rumen, through
the cecum and proximal colon and the time of first appearance of the indicator to
determine passage rate.
y = f(x, θ) + ε
y = dependent variable
f(x, θ) = a nonlinear function of the independent variable x with parameters θ
ε = random error
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(3.1)

After finding these individual values of k1, k2, and tau for each steer in each
period, the MIXED procedure of SAS 9.4 was used to find how these variables were
affected by treatment, period and animal. Tukey’s test was used to separate treatment
means. Differences were declared significant at P < 0.05.
yij = µ+ τi + SUBj + εij

(3.2)

yij = observation on subject j in treatment i
µ = overall mean
τ = effect of treatment
SUB = effect of subject
εij = random error with mean 0 and variance σ2
i = number of treatments
j = number of subjects
Results and Discussion
Passage Rate
In order to estimate rate of passage, yitterbium chloride (YbCl3) was added to
baleage of known nutritive value (Table 3.1) via the rumen in cannulated animals to
evaluate the effect of the addition of SHP on the amount of time digesta spent in the tract
of the animal. The time period from administering, to the time Yb appeared in feces of
animals, was found to be different among treatments (P < 0.05, Table 3.2). For TRT 0
steers, Yb was first found 16.72 h after animals were dosed. For steers supplemented with
TRT 0.5, Yb was found 16.46 h in feces after being administered. For steers on TRT 1
there was a decrease in time needed for Yb to be found in feces compared to calves not
receiving supplement (10.98 h, (P < 0.05)). Passage rate from cecum to proximal colon
were not different (P > 0.05). Passage rate through the rumen was found to be faster for
steers fed TRT 1 (15.10 h) than calves not supplemented (38.00 h; P < 0.05). Calves on
TRT 0.5 and TRT 1 had similar passage rates through the rumen (P > 0.05), however
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TRT 0 and 0.5 also had similar passage rates (P > 0.05). Passage rate of digesta from the
cecum to proximal colon was not different (P > 0.05). Calves not receiving supplement
had digesta pass from the cecum and proximal colon at a rate of 3.10%/h, calves
receiving TRT 0.5 had a passage rate of 3.85%/h and calves receiving TRT 1 had a
passage rate of 4.19%/h. For material to pass through cecum and proximal colon there
was no difference found due to treatment in any group (P > 0.05). Passage rate in this
experiment was comparable to Carey et al. (1993) who found passage rates of 3.6%/h to
4.1 %/h of fiber based energy supplements to cattle being fed chopped brome hay. Chase
and Hibberd (1987) found similar passage rates (4.0%/h) when cattle were supplemented
with 1 kg of corn. While supplementing cattle with corn at rates of 0.2% of BW,
Pordomingo et al. (1991) found that passage rate increased. Calves receiving 0.2% BW of
corn also had greater forage intake than other diets which was explained by small
amounts of corn stimulating microbial growth without causing a reduction of fiber
digestion and increasing protein to the small intestine (Pordomingo et al., 1991). Because
SHP is a fiber source, increased addition of SHP should not decrease fiber fermenting
microbial populations in the rumen with increased amounts of SHP added to calves’ diets
which could explain why forage intake was similar between calves receiving TRT 0.5
and TRT 1 (Richards et al., 2006; Carey et al., 1993; Garcés-Yépez et al., 1997).
Calves were found to consume similar amounts of DM per d while on rate of
passage experiment regardless of treatment but DMI of baleage decreased over each
period. Periods were found to be significant (P < 0.05, Table 3.3) with calves consuming
the greatest amount of DM in the first period of the experiment (14.40 kg/d). In period
two calves consumed similar amounts to calves in periods one and three (P > 0.05).
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There was a difference between DMI in period one (14.40 kg/d) and period three (11.56
kg/d, (P < 0.05)). There was no treatment by period interaction (P > 0.05). Decreasing
DMI over the experiment period could be due to increasing heat and humidity as the
summer progressed (period one began in May and period three in July).
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Table 3.1

Nutrient analysis of annual ryegrass baleage and soybean hull pellets fed to
calves during digestibility experiment using YbCl3 as a marker

Baleage1
SHP2
DM (%)
45.00
90.88
TDN (%)
71.76
49.38
Ash (% DM)
10.95
2.54
Protein (% DM) 21.79
17.82
NDF (% DM)
41.67
49.82
ADF (% DM)
25.64
46.99
Fat (% DM)
3.69
3.22
1
Composite samples of baleage were taken over each 10 d feeding period and calculated
using NIRS equations of grass baleage for 2018
TDN, ash, protein, NDF, ADF and fat were calculated on a DM basis
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Table 3.2

Appearance, passage rate and dry matter intake of material through rumen
and passage rate from cecum to proximal colon of calves fed YbCl3 as a
marker fed annual ryegrass baleage and different amounts of soybean hulls
P- Values

Treatments1

Appearance (h)
Passage rate
through rumen
(h)
Cecum to
proximal colon
(%/h)
Baleage DMI
(kg/d)

TRT 0

TRT
0.5

TRT 1

SEM

Period

TRT

16.72b

16.46ab

10.98a

1.44

0.0530

0.0286

38.00b

20.45ab

15.10a

4.77

0.0057

0.0344

3.10

3.85

4.19

0.25

0.0135

0.0553

12.10

13.40

12.81

0.53

0.0121

0.2772

a,b,c

Means within row differ (P < 0.05)
TRT 0 = calves fed 0% BW SHP, TRT 0.5 = calves fed 0.5% BW SHP, TRT 1 = calves
fed 1% BW SHP all on a DM basis
1
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Table 3.3

Effect of period on appearance, passage rate and dry matter intake of
material through rumen and passage rate from cecum to proximal colon of
calves fed Yb as a marker fed annual ryegrass baleage and different
amounts of soybean hulls
P-Value
Periods
Period
1

2

3

SEM

Passage rate through
rumen (h)

7.58a

43.15b

22.83ab

4.77

0.0057

Cecum to proximal
colon (%/h)

4.60b

3.14a

3.40a

0.25

0.0135

Baleage DMI (kg/d)

14.40b

12.34ab

11.56a

0.53

0.0121

a,b,c

Means within row differ (P < 0.05)
TRT 0 = calves fed 0% BW SHP, TRT 0.5 = calves fed 0.5% BW SHP, TRT 1 = calves
fed 1% BW SHP all on a DM basis
1
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CHAPTER IV
SUMMARY AND IMPLICATIONS
While baleage can have beneficial properties for cattle growers in the
Southeastern U.S. due to the expedited process of baling and storage benefits from
wrapping, to produce performance benefits in weaned beef cattle, producers must be
harvesting and storing a quality product. Baleage, in this experiment, did not have the
nutritive value to support gains of greater than 0.57 kg/d. Feeding soybean hull pellets as
a supplement to calves consuming annual ryegrass baleage did increase ADG of calves.
Average daily gain and total BW of calves supplemented with 1% BW was greater than
other treatment groups for the 47 d period. Dry matter intake was found to be greater for
calves being fed TRT 1 than any other treatment group. Total cost was greatest for calves
fed TRT 1 while feed cost was similar between TRT 0 and groups receiving TRT 0.5.
Cost of gain was greatest in calves not receiving supplement and least in calves receiving
TRT 1. Gain to feed ratios were greater in supplemented cattle than unsupplemented
cattle.
Passage rate as well as rumen retention time was found to differ among cattle
receiving different diets. Calves consuming supplement had decreased length of rumen
retention time as well as increased rates of passage through the gastrointestinal system
which reiterated what other researchers have found when looking at supplements and
their effect on rumen retention time. This increase in passage rate could be used to
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explain why calves consuming TRT 1 had the greatest amount of DMI while calves not
receiving TRT 0 or TRT 0.5 had similar DMI. Baleage DMI did not decrease between
TRT 0.5 and TRT 1 groups as expected but could be explained due to SHP being a fiberbased energy source and not interfering with fiber fermenting microbe populations in the
rumen, as other researchers have indicated and also seen similar results when feeding
SHP.
Calves consuming annual ryegrass baleage do benefit from the addition of fiber
based energy source to the diet. With calves having similar gains when supplemented,
regardless of amount, but a reduced cost of gain when fed TRT 0.5, this would be the
recommended supplementation amount. With calves consuming TRT 1 not reducing
baleage consumption cost of diet increased. Passage rate did increase in supplemented
calves but there was no difference in passage rate between supplemented groups. Rumen
retention time was decreased in supplemented groups but not different between groups
receiving supplement.
Future research could evaluate of cost in different areas of the country when
feeding fiber based energy supplements other than soybean hull pellets to find an optimal
fiber based energy supplement. With there being no difference in feed cost or gain to feed
ratios of calves consuming TRT 0.5 or TRT 1, it could be beneficial to increase the rate
of supplementation above 1% to see if there was an increase animal performance.
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EQUATIONS USED TO BACK CALCULATE NEm AND NEg OF DIETS
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Digestible Energy Equation
DE = (TDN/100) x DMI x 4.409

(A.1)

Metabolizable Energy Equation
ME = DE x 0.82
[ME] = ME / DMI

(A. 2)
(A.3)

Net Energy of Maintenance Equation
NEm = 1.37 x [ME] – 0.138 x [ME]2 + 0.0105 x [ME]3 – 1.12 (A.4)
Net Energy of Gain Equation
NEg = 1.42 x [ME] – 0.174 x [ME]2 + 0.0122 x [ME]3 – 1.65

(A.5)

National Academies of Sciences, Engineering, and Medicine. 2016. Nutrient Requirements of
Beef Cattle, Eight Revised Edition. Washington, DC: The National Academies Press. doi:
10.17226/19014
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WEATHER DATA DURING DIGESTIBILITY EXPERIEMT
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Table B.1
Date
5/21/18
5/22/18
5/23/18
5/24/18
5/25/18
5/26/18
5/27/18
5/28/18
5/29/18
5/30/18

Period 1
High (◦C)
31.1
31.7
33.4
33.4
31.7
32.2
32.2
32.2
33.4
33.4

Low (◦C)
18.9
20.0
19.4
20.0
20.0
19.4
20.0
21.1
21.1
24.4
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Humidity (%)
72
74
79
76
81
77
72
73
66
65

Table B.2
Date
6/18/18
6/19/18
6/20/18
6/21/18
6/22/18
6/23/18
6/24/18
6/25/18
6/26/18
6/27/18

Period 2
High (◦C)
31.1
32.8
33.9
32.2
34.4
35.0
35.6
35.6
36.1
36.1

Low (◦C)
23.3
23.3
22.8
24.4
24.4
24.4
23.3
22.8
22.8
23.9
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Humidity (%)
80
74
70
82
69
66
69
63
67
67

Table B.3
Date
7/16/18
7/17/18
7/18/18
7/19/18
7/20/18
7/21/18
7/22/18
7/23/18
7/24/18
7/25/18

Period 3
High (◦C)
35.6
31.1
32.8
35.0
35.6
35.6
36.1
35.0
32.8
33.9

Low (◦C)
22.8
23.3
23.9
23.3
23.9
25.6
25.6
23.9
22.2
21.7

Humidity (%)
77
79
80
80
86
85
83
80
84
79

National Oceanic and Atmospheric Administration (NOAA). 2018. Climatological Data Daily
Summary: Mississippi. Lat. 30.8408 N Lon: -89.5452 W. National Oceanic and
Atmospheric Admin., Enviorn. Satellite Data Inf. Serv., Nat. Climatic Data
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SAS OUTPUT
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Experiment 1- Performance
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Convergence criteria met.
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-78.05380794

1

2

-78.09994188 0.00000000

Convergence criteria met.
Covariance Parameter Estimates
Cov Parm Subject

Estimate

CS

-0.00038

pen(time)

Residual

0.02480
Fit Statistics

-2 Res Log Likelihood

-78.1

AIC (Smaller is Better)

-74.1

AICC (Smaller is Better) -74.0
BIC (Smaller is Better)

-71.7

Null Model Likelihood Ratio Test
DF

Chi-Square

Pr > ChiSq

1

0.05

0.8299

Type 3 Tests of Fixed Effects
Effect

Num DF Den DF F Value Pr > F

trt

2

18.6

0.12 0.8916

time

1

18.6

9.33 0.0066

trt*time

2

18.6

4.20 0.0312

Least Squares Means
Effect

trt time Estimate Standard DF t Value Pr > |t|
Error

trt

0

0.5164

0.02427 18.3

21.27 <.0001

trt

0.5

0.5003

0.02427 18.3

20.61 <.0001

trt

1

0.5051

0.02462 19.1

20.52 <.0001
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Least Squares Means
Effect

trt time Estimate Standard DF t Value Pr > |t|
Error

trt*time 0

1

0.5516

0.03384 17.5

16.30 <.0001

trt*time 0

2

0.4813

0.03481 19.1

13.82 <.0001

trt*time 0.5 1

0.5969

0.03384 17.5

17.64 <.0001

trt*time 0.5 2

0.4038

0.03481 19.1

11.60 <.0001

trt*time 1

1

0.5025

0.03481 19.1

14.43 <.0001

trt*time 1

2

0.5078

0.03481 19.1

14.59 <.0001

Differences of Least Squares Means
Effect

trt time _trt _time Estimate Standard
Error

DF t Value Pr > |t| Adjustment

Adj P

trt

0

0.5

0.01608

0.03433 18.3

0.47 0.6451 Tukey-Kramer 0.8869

trt

0

1

0.01128

0.03457 18.7

0.33 0.7477 Tukey-Kramer 0.9431

trt

0.5

1

-0.00479

0.03457 18.7

-0.14 0.8912 Tukey-Kramer 0.9895

trt*time 0

1

0

2

0.07029

0.04855 18.3

1.45 0.1645 Tukey-Kramer 0.6991

trt*time 0

1

0.5 1

-0.04533

0.04785 17.5

-0.95 0.3565 Tukey-Kramer 0.9287

trt*time 0

1

0.5 2

0.1478

0.04855 18.3

3.04 0.0069 Tukey-Kramer 0.0638

trt*time 0

1

1

1

0.04906

0.04855 18.3

1.01 0.3254 Tukey-Kramer 0.9086

trt*time 0

1

1

2

0.04380

0.04855 18.3

0.90 0.3787 Tukey-Kramer 0.9411

trt*time 0

2

0.5 1

-0.1156

0.04855 18.3

-2.38 0.0283 Tukey-Kramer 0.2127

trt*time 0

2

0.5 2

0.07748

0.04923 19.1

1.57 0.1319 Tukey-Kramer 0.6243

trt*time 0

2

1

1

-0.02123

0.04923 19.1

-0.43 0.6711 Tukey-Kramer 0.9978

trt*time 0

2

1

2

-0.02649

0.04923 19.1

-0.54 0.5967 Tukey-Kramer 0.9938

trt*time 0.5 1

0.5 2

0.1931

0.04855 18.3

3.98 0.0009 Tukey-Kramer 0.0092

trt*time 0.5 1

1

1

0.09439

0.04855 18.3

1.94 0.0674 Tukey-Kramer 0.4082

trt*time 0.5 1

1

2

0.08912

0.04855 18.3

1.84 0.0827 Tukey-Kramer 0.4685

trt*time 0.5 2

1

1

-0.09871

0.04923 19.1

-2.00 0.0593 Tukey-Kramer 0.3762

trt*time 0.5 2

1

2

-0.1040

0.04923 19.1

-2.11 0.0481 Tukey-Kramer 0.3234

trt*time 1

1

2

-0.00526

0.04923 19.1

-0.11 0.9160 Tukey-Kramer 1.0000

1
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Experiment 2- Metabolism
The SAS System
The Mixed Procedure

Model Information
Data Set

WORK.RATE

Dependent Variable

k1

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

6 5 7 14 31 40 86

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

22

Columns in Z

0

Subjects

1

Max Obs per Subject

18

Number of Observations
Number of Observations Read

18

Number of Observations Used

18

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

0.000151
79

0

Fit Statistics
-2 Res Log Likelihood

-26.1

AIC (Smaller is Better)

-24.1

AICC (Smaller is Better) -23.1
BIC (Smaller is Better)

-24.3

Type 3 Tests of Fixed Effects
Effect

Num DF Den DF F Value Pr > F

period

2

6

0.63 0.5645

id

3

6

1.38 0.3365

trt

2

6

3.30 0.1081

period*trt

2

6

0.64 0.5597

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

0.02930 0.005017

6

5.84 0.0011

trt

0.5

0.04553 0.005017

6

9.08 0.0001

trt

1

0.04458 0.005017

6

8.89 0.0001

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment Adj P
Error
trt

0

0.5

-0.01623 0.007095

6

-2.29 0.0621 Tukey

0.1338

trt

0

1

-0.01528 0.007095

6

-2.15 0.0747 Tukey

0.1587

trt

0.5 1

0.000950 0.007095

6

0.13 0.8979 Tukey

0.9902
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Data Set

WORK.RATE

Dependent Variable

k0

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

6 5 7 14 31 40 86

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

22

Columns in Z

0

Subjects

1

Max Obs per Subject

18

Number of Observations
Number of Observations Read

18

Number of Observations Used

18

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

5.914E11
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0

Fit Statistics
-2 Res Log Likelihood

189.3

AIC (Smaller is Better)

191.3

AICC (Smaller is Better) 192.3
BIC (Smaller is Better)

191.1

Type 3 Tests of Fixed Effects
Effect

Num DF Den DF F Value Pr > F

period

2

6

32.25 0.0006

id

3

6

0.63 0.6242

trt

2

6

11.75 0.0084

period*trt

2

6

4.04 0.0774

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

3620342

313950

6

11.53 <.0001

trt

0.5 1873296

313950

6

5.97 0.0010

trt

1

313950

6

5.28 0.0019

1658396

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

trt

0

0.5

1747046

443993

6

3.93 0.0077 Tukey-Kramer 0.0180

trt

0

1

1961946

443993

6

4.42 0.0045 Tukey-Kramer 0.0106

trt

0.5 1

214899

443993

6

0.48 0.6455 Tukey-Kramer 0.8813
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Model Information
Data Set

WORK.RATE

Dependent Variable

tau

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

6 5 7 14 31 40 86

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

22

Columns in Z

0

Subjects

1

Max Obs per Subject

18

Number of Observations
Number of Observations Read

18

Number of Observations Used

18

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

8.9472
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0

Fit Statistics
-2 Res Log Likelihood

39.8

AIC (Smaller is Better)

41.8

AICC (Smaller is Better) 42.8
BIC (Smaller is Better)

41.6

Type 3 Tests of Fixed Effects
Effect

Num DF Den DF F Value Pr > F

period

2

6

5.41 0.0454

id

3

6

2.03 0.2111

trt

2

6

8.56 0.0175

period*trt

2

6

1.30 0.3391

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

19.6711

1.2211

6

16.11 <.0001

trt

0.5

15.8762

1.2211

6

13.00 <.0001

trt

1

12.5317

1.2211

6

10.26 <.0001

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment Adj P
Error
trt

0

0.5

3.7949

1.7270

6

2.20 0.0704 Tukey

0.1502

trt

0

1

7.1394

1.7270

6

4.13 0.0061 Tukey

0.0144

trt

0.5 1

3.3445

1.7270

6

1.94 0.1009 Tukey

0.2090
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Data Set

WORK.RATE

Dependent Variable

k1

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

5 5 7 14 31 40

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

12

Columns in Z

0

Subjects

1

Max Obs per Subject

15

Number of Observations
Number of Observations Read

15

Number of Observations Used

15

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

0.000030

85

0

Fit Statistics
-2 Res Log Likelihood

-35.7

AIC (Smaller is Better)

-33.7

AICC (Smaller is Better) -32.7
BIC (Smaller is Better)

-33.9

Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
period

2

6

9.61 0.0135

id

4

6

1.92 0.2264

trt

2

6

4.87 0.0553

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

0.03102 0.002501

6

12.40 <.0001

trt

0.5

0.03851 0.002501

6

15.40 <.0001

trt

1

0.04188 0.002501

6

16.74 <.0001

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

trt

0

0.5

-0.00749 0.003560

6

-2.10 0.0800 Tukey-Kramer 0.1691

trt

0

1

-0.01086 0.003560

6

-3.05 0.0225 Tukey-Kramer 0.0512

trt

0.5 1

-0.00337 0.003560

6

-0.95 0.3809 Tukey-Kramer 0.6341
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WORK.RATE

Dependent Variable

k0

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

5 5 7 14 31 40

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

12

Columns in Z

0

Subjects

1

Max Obs per Subject

15

Number of Observations
Number of Observations Read

15

Number of Observations Used

15

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

1.107E12

87

0

Fit Statistics
-2 Res Log Likelihood

193.1

AIC (Smaller is Better)

195.1

AICC (Smaller is Better) 196.1
BIC (Smaller is Better)

194.9

Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
period

2

6

13.80 0.0057

id

4

6

1.19 0.4023

trt

2

6

6.22 0.0344

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

3800411

477088

6

7.97 0.0002

trt

0.5 2045339

477088

6

4.29 0.0052

trt

1

477088

6

3.17 0.0194

1510278

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

trt

0

0.5

1755071

679248

6

2.58 0.0416 Tukey-Kramer 0.0917

trt

0

1

2290133

679248

6

3.37 0.0150 Tukey-Kramer 0.0346

trt

0.5 1

535062

679248

6

0.79 0.4608 Tukey-Kramer 0.7236
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Data Set

WORK.RATE

Dependent Variable

tau

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

5 5 7 14 31 40

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

12

Columns in Z

0

Subjects

1

Max Obs per Subject

15

Number of Observations
Number of Observations Read

15

Number of Observations Used

15

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

10.1122

89

0

Fit Statistics
-2 Res Log Likelihood

40.6

AIC (Smaller is Better)

42.6

AICC (Smaller is Better) 43.6
BIC (Smaller is Better)

42.4

Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
period

2

6

4.99 0.0530

id

4

6

2.01 0.2128

trt

2

6

6.82 0.0286

Least Squares Means
Effect trt Estimate Standard DF t Value Pr > |t|
Error
trt

0

18.2454

1.4417

6

12.66 <.0001

trt

0.5

15.2051

1.4417

6

10.55 <.0001

trt

1

10.7136

1.4417

6

7.43 0.0003

Differences of Least Squares Means
Effect trt _trt Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

trt

0

0.5

3.0403

2.0527

6

1.48 0.1891 Tukey-Kramer 0.3633

trt

0

1

7.5318

2.0527

6

3.67 0.0105 Tukey-Kramer 0.0244

trt

0.5 1

4.4915

2.0527

6

2.19 0.0713 Tukey-Kramer 0.1520
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WORK.RATE

Dependent Variable

k0

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

5 5 7 14 31 40

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

12

Columns in Z

0

Subjects

1

Max Obs per Subject

15

Number of Observations
Number of Observations Read

15

Number of Observations Used

15

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

1.107E12
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0

Fit Statistics
-2 Res Log Likelihood

193.1

AIC (Smaller is Better)

195.1

AICC (Smaller is Better) 196.1
BIC (Smaller is Better)

194.9

Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
period

2

6

13.80 0.0057

id

4

6

1.19 0.4023

trt

2

6

6.22 0.0344

Least Squares Means
Effect period Estimate Standard DF t Value Pr > |t|
Error
period 1

757884

477088

6

1.59 0.1633

period 2

4314767

477088

6

9.04 0.0001

period 3

2283376

477088

6

4.79 0.0030

Differences of Least Squares Means
Effect period _period Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

period 1

2

-3556883

679248

6

-5.24 0.0019 Tukey-Kramer 0.0047

period 1

3

-1525492

679248

6

-2.25 0.0658 Tukey-Kramer 0.1412

period 2

3

2031391

679248

6

2.99 0.0243 Tukey-Kramer 0.0550
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WORK.RATE

Dependent Variable

tau

Covariance Structure

Diagonal

Estimation Method

REML

Residual Variance Method

Profile

Fixed Effects SE Method

Model-Based

Degrees of Freedom Method Residual
Class Level Information
Class

Levels Values

period

3 123

id

5 5 7 14 31 40

trt

3 0 0.5 1
Dimensions

Covariance Parameters

1

Columns in X

12

Columns in Z

0

Subjects

1

Max Obs per Subject

15

Number of Observations
Number of Observations Read

15

Number of Observations Used

15

Number of Observations Not Used
Covariance Parameter Estimates
Cov Parm

Estimate

Residual

10.1122
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0

Fit Statistics
-2 Res Log Likelihood

40.6

AIC (Smaller is Better)

42.6

AICC (Smaller is Better) 43.6
BIC (Smaller is Better)

42.4

Type 3 Tests of Fixed Effects
Effect Num DF Den DF F Value Pr > F
period

2

6

4.99 0.0530

id

4

6

2.01 0.2128

trt

2

6

6.82 0.0286

Least Squares Means
Effect period Estimate Standard DF t Value Pr > |t|
Error
period 1

16.7204

1.4417

6

11.60 <.0001

period 2

16.4616

1.4417

6

11.42 <.0001

period 3

10.9820

1.4417

6

7.62 0.0003

Differences of Least Squares Means
Effect period _period Estimate Standard DF t Value Pr > |t| Adjustment
Error

Adj P

period 1

2

0.2588

2.0527

6

0.13 0.9038 Tukey-Kramer 0.9913

period 1

3

5.7384

2.0527

6

2.80 0.0313 Tukey-Kramer 0.0702

period 2

3

5.4796

2.0527

6

2.67 0.0371 Tukey-Kramer 0.0823
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