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ABSTRACT

Influence of supplemental legumes that contain tannins
and saponins on intake and diet digestibility in sheep

fed grasses that contain alkaloids

by

Jacob M. Owens, Master of Science
Utah State University, 2008

Major Professor: Dr. Frederick D. Provenza
Department: Wildland Resources

My objectives were to determine if nutritional benefits occur when anianals
offered foods with compounds -- alkaloids, saponins, and tannins — that are potentially
complementary. | hypothesized that food intake and digestibility incve@se lambs
consume plants such as alfalfa ALF that contain saponins or birdsfoot trefo)l (&fT
contain tannins when the basal diet is endophyte-infected tall fescuer (fE€do
canarygrass (RCG) both of which contain alkaloids. | predicted that theamaki$tatus
of lambs would be enhanced if basal diets of alkaloid-containing grasses were
supplemented with ALF or BFT.

Lambs fed a basal diet of either endophyte-infected TF or RCG ate more food and
consequently digested more dry matter, energy and nitrogen when supplemented with

ALF or BFT. Lambs ingested more dry matter and digested more nutrieatsfed a
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basal diet of RCG than one of TF, and supplementing with ALF and BFT was more
beneficial for lambs fed TF than for lambs fed RCG. Increased intakgedtitle
nutrients was due to greater intake when lambs were offered more than one food, not due
to an increase in digestibility.

In pen trials meant to complement the field trials, lambs were offeraltkaoid-
containing (either gramine &rmethoxy-N,N-dimethyltryptamine) total mixed ration and
supplemented with a food that contained saponins or tannins. All rations were isocaloric
(3.3Mcal/kg) and isonitrogenous (14% CP). Lambs fed a ration with either alkaloid and
offered a food containing saponin digested approximately the same amount of éry matt
energy, nitrogen, and NDF as lambs not offered saponin. When lambs were fed a ration
with either alkaloid and supplemented with food that contained tannins, tannin
consumption adversely affected dry matter, energy, and NDF digestibilityanblos
offered food with tannins increased dry matter intake, and as a result, thegdlihest
same amount of dry matter, energy, and NDF as lambs not offered the food with.tannins
Lambs offered tannin digested and retained more nitrogen than lambs not offered tannin.
These findings indicate a nutritional advantage for sheep eating miasioggosed to
monocultureof foods with differenprofiles of secondary compounds and nutrients.

(63 pages)
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CHAPTER 1

INTRODUCTION

All plants contain secondary compounds (PSC) that historically have been viewed
as defenses against herbivory because they limit how much of any particotarpla
herbivore can eat (Rosenthal and Janzen, 1979; Rosenthal and Berenbaum, 1992). When
consumed in too large doses PSC can potentially damage the health of anieedds ¢Fr
and Janzen, 1974). Herbivores distinguish among plants that contain PSC, and limit their
intake of PSC, through taste, odor, postingestive feedback, and past experience
(Provenza, 1995; Provenza et al., 2000). These mechanisms both cause and enable
herbivores to eat a variety of plants to meet nutritional requirements without over-
ingesting any one PSC (Freeland and Janzen, 1974), and they underscore the importance
of biochemical biodiversity in foraging specifically and ecological pgses more
generally (Provenza, 2003; Provenza, 2008).

Ironically, humans have selected for food crops and pasture plants low in PSCs.

As food for humans, regardless of where they lived, our ancestors targeted adms sp

- those that were abundant, palatable, easily cultivated and harvested -- foncsamgbl
eventual use (Etkin, 1994). By focusing on a few species, people transformed the diverse
world of plants into a manageable domain that generally met needs for nutrients, mainly
energy, and through selection for low concentrations of PSC limited overiamgebt

PSC (Johns, 1994). As food for livestock, pasture plants often have been sown as
monocultures. Eating only one plant species can lead to over-consumption of PSC, which

can adversely affect food intake, nutritional status, and health of herbivorelmfierand
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Janzen, 1974; Provenza, 2003), so plant breeders have selectively reduced PSC
concentrations in plants selected for livestock consumption.

Nowadays, people are just beginning to appreciate the diverse roles of PSC in
herbivore health and production (Provenza, 2008). In the past, researchers focused on
primary compounds such as nitrogen, phosphorus, and potassium and they viewed PSC
as waste products of plant metabolism (Rosenthal and Janzen, 1979). Over the past 30
years, however, researchers have begun to recognize the importance of RBC in pl
behavior, including reproduction, defense against herbivory, and recovery fuogn inj
(Rosenthal and Berenbaum, 1992).

With regard to foraging by herbivores, some PSC complement one another
biochemically (Freeland and Janz&874), which can increase intake of and preference
for forages that consumed alomeduce negative effects (Provenza, 2003). For example,
mule deer eat more when offered sagebrush and juniper (12.3 g/kg BW) than when they
are offered only sagebrush (4.2 g/kg BW) or juniper (7.8 g/kg BW) (Smith, 1959).
Brushtail possums that can select from two diets containing phenolics and terpenes
consume more total food than when they consume diets containing only one of these
secondary compounds (Dearing and Cork, 1999), and the same is true in principle with
squirrels (Schmidt et al., 1998). Lambs consume more forage with amygdalin dmal LiC
oxalate and nitrate than lambs with only one of these compounds in their diet (Buiritt a
Provenza, 2000). Sheep eat more when offered foods with terpenes, tannins, and oxalates
than when offered foods with only one or two of these PSC (Villalba et al., 2004). Sheep

also eat more of foods high in alkaloids when they can also eat foods high in tannins or



saponins (Lyman, Provenza, and Villalba, 2008, unpublished data). While
complementarities among secondary compounds are an important but little understood
area of plant-herbivore interactions (Freeland and Janzen, 1974; Provenza, 2003), even
less is known about how the sequences of eating plants with different compounds affects
foraging. Sheep eat more food with terpenes when they first eat food with t@viotes

et al., 2008). Cattle steadily decrease time eating endophyte-infakttedcue when

they grazed tall fescue first for 30 minutes and then birdsfoot trefoibraalfalfa alone

for 60 minutes; however, when the sequence is reversed they foraged actively on both
trefoil and/or alfalfa and fescue throughout the 90-minute meal (Lyman, Proagniza
Villalba, 2008, unpublished data). These patterns of foraging are analogous with
birdsfoot trefoil/alfalfa and high-alkaloid reed canarygrass (LyrRaovenza, and

Villalba, 2008, unpublished data).

OBJECTIVES

While the aforementioned behavioral relationships are interesting and important,
little is known about the influence of PSC on food intake and nutrient utilization by
herbivores. | determined if a nutritional advantage exists when sheep déoeage
species with a mixture of alkaloids, saponins, and tannins as opposed to the forages that
contained only alkaloids. My specific objectives were to determine drgmaitrogen,
fiber, and energy digestibility when sheep fed a basal diet of the alkaloidhting
forages reed canarygra$®halaris arundinacea L v.n.s.) or endophyte-infected tall

fescue(Festuca arundinacea, Kentucky 31 endophyte) were supplemented with a high-
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tannin variety of birdsfoot trefo{LLotus corniculatus variety Goldie) and a high-saponin
variety of alfalfa(Medicago sativa variety Vernal).

| hypothesized that biochemical complementarities (among PSC and nutrients)
exist in diverse PSC-containing foods which cannot be manifest in mono-spetsicl
predicted that forage intake and nutrient utilization increase when sheemigatra of
alkaloid-containing grass along with complementary saponin- or tannin-cioigtai
leguminous forage, as compared with eating only high-alkaloid fofdgehypothesis is
based on the concept that a complementary relationship exists between Kalthesain
tall fescue and saponins in alfalfa, and 2) the alkaloids in reed canaryglabe gannins
in birdsfoot trefoil. On this basis, | predicted that sheep fed mixtures of the abagedor
would maintain higher nutrient intake than sheep fed only the alkaloid-containing
forages. Alkaloids in tall fescue are non-polar cholesterol-derivedstesovhile
alkaloids in reed canarygrass are proteinaceous in nature (tryptamiaékélads).
Saponins in alfalfa are non-polar steroidal compouwvittsan affinity for binding to
cholesterol-derived compounds in the gastrointestinal tract causing themxrdtedin
the feces (Malinow et al., 1979). Tannins in birdsfoot trefoil have an affinity fholirig

to proteins and protein like compounds in the rumen (Okuda et al., 1982).
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CHAPTER 2
LEWISTON STUDY: SUPPLEMENTING LAMBSFED TALL FESCUE OR

REED CANARYGRASSWITH ALFALFA OR BIRDSFOOT TREFOIL

ABSTRACT: | hypothesized that legumes such as alfalfa (ALF) and birdsfoot trefoil
(BFT) fed as supplements to grasses such as endophyte-infecteddadl {TF) and

older varieties of reed canarygrass (RCG) provide nutritional beriiisshypothesis is
based on the notion that complementary relationships exists between the alkafalids i
fescue and reed canarygrass and the saponins in alfalfa and the tannins in biedsiloot tr
that enable herbivores to eat more food when offered combination of plants as opposed
to only one plant. On this basis, | predicted that sheep fed mixtures of the above forages
maintain higher nutrient intake and hence digestibility than sheep fed onlikaladc
containing forages. To determine the existence of a nutritional benefit whies \eene
supplemented with leguminous forage, | conducted two trials. In each trial, B lam

were placed in individual metabolism stalls and offered freshly clipped & &g

morning. In trial 1, 4 groups of 5 lambs were offered TF or RCG with ALFina 2 x 2
factorial that included grass (TF or RCG) with or without ALF as followsu@ 1 TF

with ALF, Group 2 RCG with ALF, Group 3 TF only, and Group 4 RCG only. Trial 2

was similar to trial 1 except lambs in Groups 1 and 2 were offered BIRE as t
supplemental legume instead of ALF. Forage, fecal, and urine samples wertedollec

and analyzed to determine total dry matter intake (DMI) and apparent diggstitadry

matter (DM), energy (GE), nitrogen, and neutral detergent fiber (NRUpplementing

lambs on basal diets of RCG or TF with ALF or BFT did not affect the digegtibilit
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nutrients. However, supplementing lambs with ALF or BFT increased intake and as a
result increased the amount of nutrients digested. Lambs supplemented with ALF had
higher total intake, and digested more dry matter, nitrogen, and energy. Lambs
supplemented with BFT had higher total intake, and digested more dry matter and
energy. These benefits were achieved when lambs ate less than 30% of l§hetadkai
as ALF and less than 13% of their intake as BFT. The benefits of offenming IBFT or
ALF were of larger magnitude for lambs fed TF than for lambs fed RCGinheg thus
enhanced intake, which increased the total amount of nutrients digested. Thesaresult
likely due to complementary relationships among secondary and primary compounds in

the grasses and legumes.

INTRODUCTION

Because PSC limit forage intake, people have come to view them primarily as
defenses against herbivory. As a result, we know little about how herbivoreisuség
PSC for health and medicinal benefits (Provenza and Villalba, 2006). The outcomes of all
biochemical interactions depend on the dose and the compounds involved in the
interactions: both nutrients and PSC at excessive doses can be toxic, whengas at |
doses they can both be beneficial (Craig, 1999; Engel, 2002) and they can complement
one another (Freeland and Janzen, 1974; Provenza, 2003). Lambs consume more forage
with amygdalin and LiCl or oxalate and nitrate than lambs with only one of these
compounds in their diet (Burritt and Provenza, 2000). Sheep eat more when offered foods

with terpenes, tannins, and oxalates than when offered foods with only one or two of
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these PSC (Villalba et al., 2004). Sheep eat more terpene-containing food whigistthey
eat food with tannins (Mote et al., 2007). Cattle steadily decrease timg tdtifescue
when they first graze tall fescue alone for 30 minutes followed by birdséfoil tand/or
alfalfa alone for 60 minutes. However, when the sequence is reversed tlyey fora
actively on both trefoil/alfalfa and fescue throughout the 90-minute meal (1,y2688,
unpublished data). These patterns of foraging are analogous with treflfd/alid high-
alkaloid reed canarygrass (Lyman, Provenza, and Villalba, 2008, unpublished data).
Outside of these studies, we know little about complementarities among R $Ggihia
lead to increases in forage intake and possibly nutrient digestion.

| used four forages with different PSC to examine if nutritional
complementarities existed in foods: endophyte- infected tall fesestica arundinacea
Kentucky 31) with high levels of alkaloids, reed canarygraésalaris arundinacea wild
type) with high levels of alkaloids, alfalfaedicago sativa Vernal variety) with high
levels of saponins, and birdsfoot trefdib{us corniculatus Goldie variety) with high
levels of tannins.

The plant alkaloids in tall fescue are derived from cholesterol, wiglsaponins
in alfalfa are non-polar steroidal compounds with an affinity for binding to dieotés
derived compounds in the gastro-intestinal tract of animals, causing the&iti@exdn the
feces (Malinow et al., 1979). The alkaloids in reed canarygrass, metabolizeghérom
amino acid tryptophan, are proteinaceous in nature. Birdsfoot trefoil contains condensed
tannins that bind to proteins in the rumen (Jones and Mangan, 1977). Based on these

structural characteristics and binding affinities, | hypothesizadtbehemical
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complementarities among PSC and nutrients exist which cannot be manifest in a
monospecific diet. Thus, | predicted that forage intake and nutrient utilizatiold
increase when sheep ate a mixture of alkaloid-containing grass atbng w
complementary saponin- or tannin-containing leguminous forage, as compdred wit

eating only high-alkaloid forage.

MATERIALSAND METHODS

Plant species with high concentrations of alkaloids, tannins, and saponins were
seeded at the USU pasture research facility in Lewiston, Utah (41’57 N 11}:3@ W
2006, we planted monocultures of tall fescees{uca arundinaceum, Kentucky 31
endophyte-infected) (Rottinghaus et al., 199Aldrich et al., 1993) and reed canarygrass
(Phalaris arundinacea L v.n.s.) with high alkaloids (Marten et al., 1973; Sheaffer et al.,
1990), birdsfoot trefoil l{otus corniculatus variey Goldie) with high tannins (Hedqvist et
al., 2000; Terrill et al., 1991), and alfalfslédicago sativavariety Vernal) with high
saponins (Pedersen et al., 1976; ARS, 1963). Our chemical analysis of each plasat speci
confirmed appropriate levels of plant secondary compounds, which correlate with
documented concentrations.

Twenty commercial Rambouillet-Columbia-Finn-Targhee and Suffolk latnbs
months of age were placed in individual metabolism stalls at the Utah Statesiinive
Pasture Project Facility. Lambs were offered daily freshly ctigpeages to simulate
pasture grazing conditions and to avoid inactivating PSM due to drying. | conducted two

trials both approved by the Animal Care and Use Committee (Approval # 1317).
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Trial 1

In Trial 1, lambs were offered plants high in alkaloids (TF and RCG) along with a
plant high in saponins (ALF). Twenty lambs in 4 groups of 5 lambs/group were allocated
to a 2 x 2 factorial with grass species (TF or RCG) and supplementation withy@&&,F (
no) as the main factors as follows: Group 1 TF with ALF, Group 2 RCG with ALF,
Group 3 TF only, and Group 4 RCG only. Lambs in Graupsd 2 were offered the
leguminous forage (ALF) ad libitufior 30 min. After 30 min the leguminous forage was
removed from the bunks and lambs were then offered TF or RCG ad libitum for 3% h
such that the lambs were pre-loaded with the supplemental forage prionvingetiee
alkaloid-containing grass. Lambs in groups 3 and 4 were offered TF or RQsad,|
respectively, for the entire 4-h feeding period. The 4-h feeding period be@&dGaand

ended at 1200. Forages were clipped at 0630 each morning.

Trial 2

Trial 2 was similar to Trial 1, except that a new set of 20 lambs were used and
instead of supplementing with a legume high in saponins (ALF), animals were
supplemented with a legume high in tannins (BFT). Thus, 20 lambs in 4 groups of 5
lambs/group wereffered TF or RCG with BFT in a 2 x 2 factorial that included grass
(TF or RCG) with or without BFT as follow&roup 1 TF with BFT, Group 2 RCG with

BFT, Group 3 TF only, and Group 4 RCG only
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Collection Period

The above feeding protocol was a part of a 21-d adaptation period, which was
followed by a 5-d collection period in which forages, feces, and urine were sbadile
to determine dry matter (DM) intake and nutrient digestibility. Forages fed ad
libitum with 30% refusal. During the 5-d collection period, forage and refusalleam
were collected daily, weighed and then dried at 60 degrees centigratieH. After
drying, samples were weighed again to determine dry matter contedtdareles were
ground in a Whiley mill with a 2mm filter, and 20 g of each forage sample wer
composited according to species to represent DM and nutrients fed during the 5-d
collection period. A separate composite containing 20 g from each refusal @e s
made according to species of plant. For instance, a sheep fed ALF and TF would have 2
composites, one per forage. Daily values for forage intake were asidcadbe 5-d
collection period and then matched for each animal with the composited 5-d samples of
feces and urine to determine nutrient intake and digestibility.

Fecal and urine samples were weighed and collected daily. | weighefitatal
output and then made 1 composite for each sheep that consisted of 30g/d. Each fecal
sample composite was dried at 60 degrees centigrade for 5 d to determine eiry matt
content of feces. Urine samples were collected in 10 ml of HCL to prevenbkisés.

Urine samples were collected and measured daily. | made 1 compoditdikm
consisted of 300ml of urine/d. From each composite, 100ml was freeze dried for use in
nitrogen analyses. Forage and fecal samples were analyzed for 1) iy (Dist)

(AOAC, 1990); 2) nitrogen (Method 990.03 AOAC, 2002); 3) neutral detergent fiber
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(NDF) (Goering and Van Soest, 1970); and 4) gross energy (AOAC, 1990). Dried
composites were used to determine dry matter intake, nutrient intake, andiatedgy
Nutrients consumed vs. excreted in feces were measured to assess ayestinliti
of DM, energy, and NDF (hemicelluloses, cellulose, lignin, and insoluble ash). Mitroge

consumed versus excreted in urine and feces were used to determine nitrogeorutilizat

Statistical Analyses

The statistical design for each trial (1 and 2) was a 2 x 2 factorial patlies of
grasses (RCG or TF) and supplemental legume (yes or no) as the main effectds A
(n =5 per treatment) were nested within treatments. Day (na$)}he repeatatieasure.
ALF was the legume used in trial 1 and BTF was the legume used in trial 2. pbeses
variables were dry matter intake and nutrient digestibility. Due to samalple sizes

(n=5), | consider P<0.10 significant.

RESULTS

Grasses did not differ in NDF or gross energy content within a trial. Reed
canarygrass had more nitrogen than tall fescue (Table 2-1). Legumesmikets
grasses except for NDF content, which was lower in the legumes. Svesselower in
nitrogen in Trial 1 than 2, and trefoil had less nitrogen than alfalfa.

Nutrients digested were a function of forage intake, which was influenced by
plant phenology during Trials 1 and 2. Generally speaking, lambs ate more dry matt
during Trial 1, and as a result, with the exception of TF with ALF, they digested more

nutrients during Trial 1 than during Trial 2 (Tables 2-1 to 2-4).
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Table 2-1. Energy, neutral detergent fiber (NDF) and nitrogen (N) content of alfalfa
(ALF), birdsfoot trefoil (BFT), reed canarygrass (RCG), and endophyte-idfeaite
fescue (TF) during Trials 1 and 2 (forage composites explained above wezedrfal
nutrient content).

Energy (Kcal/g) NDF (%) N (%)

Trail 1 Trial 2 Trail 1 Trial 2 Traill 1 Trial 2
ALF 4.3 - 43.7 - 3.6 -
BFT - 4.3 - 45.8 - 2.7
RCG 4.2 4.1 63.1 60.5 2.9 3.7
TF 4.2 4.2 63.9 60.7 2.3 3.1

Trial 1: Alfalfaasa Supplement to Tall
Fescue and Reed Canarygrass
Total Dry Matter Intake
Lambs ate more dry matter when offered RCG than when offered TF @aple
Lambs fed ALF before RCG or TF ate more dry matter than lambs fed onlyoRTG

(Table 2-3). Grass and ALF did not interact (Table 2-3).

Grass Intake

Lambs ate less TF than RCG (Table 2-2). Lambs offered ALF ate dessthan
lambs not offered ALF (Table 2-3). With TF, lambs fed ALF ingested 222g/d more than
lambs not fed ALF (783g/d vs. 561g/d), yet their intake of TF was only 78g/d less than
that for lambs fed only TF (561g/d vs. 639g/d). With RCG, lambs fed ALF ingested

206g/d more than lambs not fed ALF (1013g/d vs. 807g/d), and their intake of RCG was
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95g/d less than that for lambs fed only TF (807g/d vs. 902g/d). Thus, there was a

significant increase in intake due to ALF with both grasses. Grass spediéd F did

not interact (Table 2-3).

Table 2-2. Intake and digestibility for lambs fed endophyte-infected tall fe§thgor
reed canarygrass (RCG) in Trial 1.

TFY RCG  Std.Error Grass
Dry Matter Intake (g/d) 711 958 6 P<0.0001
Grass Intake (g/d) 600 855 6 P<0.0001
ALF? Intake (g/d) 215 207 4 P=0.78
DM* Digestibility (%) 70 72 2 P=0.34
DM Digested (g/d) 468 651 33 P<0.0001
Digested N Retained (%) 47 46 5 P=0.84
N Retained/N Consumed (%) 40 45 5 P=0.38
N Retained (g/d) 7 14 2 P=0.0003
N Digested (g/d) 14 25 1 P<0.0001
N Digestibility (%) 76 82 1 P=0.0005
Energy Digestibility (%) 66 69 2 P=0.17
Energy Digested (Kcal/d) 1,895 2,726 139 P<0.0001
NDF®° Digestibility (%) 63 67 2 P=0.14
NDF Digested (%) 250 357 21 P=0.0001

Tall Fescue.

’Reedcanary Grass.

SAlfalfa.
“Dry matter.
*Nitrogen.

®Neutral detergent fiber.

Alfalfa Intake

There were no differences in alfalfa intake due to grass (Tables 2.2 and 2-3)
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Table 2-3. Digestibilities for lambs fed endophyte-infected tall fescue (TFeed
canarygrass (RCG) with or without alfalfa in Trial 1.

TF TF RCG RCG

without With without with  Std. ALF*
ALF? ALF ALF ALF Error ALF Grass
Dry Matter Intake (g/d) 639 783 902 1,013 8 P=0.009 P=0.70
Grass Intake (g/d) 639 561 902 807 8 P=0.055 P=0.83
DM* Digestibility (%) 73 66 71 73 3 P=0.28 P=0.05
DM Digested (g/d) 446 490 604 698 46 P=0.05 P=0.45
Digested N Retained
(%) 45 49 46 45 8 P=0.83 P=0.63
N Retained/N
Consumed
(%) 42 38 44 46 7 P=0.86 P=0.52
N Retained (g/d) 7 8 13 16 2 P=0.16 P=0.82
N Digested (g/d) 12 16 24 27 1 P=0.0009 P=0.75
N Digestibility (%) 76 75 81 83 2 P=0.86 P=0.33
Energy Digestibility
(%) 68 64 67 72 3 P=0.93 P=0.07
Energy Digested
(Kcal/d) 1,760 2,030 2,470 2,981 197 P=0.012 P=0.40
NDF® Digestibility (%) 67 60 65 70 4 P=0.67 P=0.04
NDF Digested (g/d) 249 250 332 382 30 P=0.24 P=0.26
Tall Fescue.
*Alfalfa.

3Reedcanary Grass.
“Dry matter.
*Nitrogen.
®Neutral detergent fiber.
Dry Matter Digested
There was no difference in the digestibility of dry matter when lambes fed TF
or RCG (Table 2-2). However, lambs fed RCG ingested more dry matteathha fed
TF, and as a result they digested more dry matter (Table 2-2). Supplemamiosgféd

TF or RCG with ALF did not affect dry matter digestibility (Table 2-3it, their
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increased dry matter intake resulted in lambs digesting more dry matter whe
supplemented with alfalfa (Table 2-3). There was an interaction betwasnhand ALF
(P=0.05). The digestibility of dry matter was lower for lambs fed TF supgieed with
ALF (63%) than for lambs not supplemented (73%), and digestibility of dry matser wa
higher for lambs fed RCG supplemented with ALF (73%) than for lambs not

supplemented (71%).

Nitrogen Digested

The digestibility of nitrogen was higher for lambs fed RCG than for |deth3 F
(Table 2-2). Lambs also digested more nitrogen on a basal diet of REGrtlaabasal
diet of TF (Table 2-2). The digestibility of nitrogen did not differ when lambslfe or
RCG were supplemented with ALF, but they digested more nitrogen when the grasses
were supplemented with alfalfa (Table 2-3). Grass and ALF did not interaatise

differences in nitrogen digestibity (P=0.63).

Nitrogen Retained

The percent of digested nitrogen retained by lambs did not differ for RCG or TF
(Table 2-2). However, lambs fed RCG ate more dry matter than lambé§ faddTas a
result they retained more nitrogen (Table 2-2). The percent of eijpdtogen retained
did not differ when lambs fed grasses were supplemented with ALF. Lambs
supplemented with alfalfa consumed more dry matter than lambs not supplemented
which resulted in a trend for increased nitrogen retention when the gnaseefed with

as opposed to without ALF (Table 2-3). Grass and ALF did not interact (P=0.52).
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Kilocalories Digested

The digestibility of energy did not differ when lambs were fed RCG or TF.
However, lambs fed RCG ingested more dry matter than lambs fed TF aneka# a
they digested more kilocalories (Table 2-2). There was no difference digestibility
of energy, but due to increased intake lambs digested more kilocalories when tbg grass
were fed with as opposed to without ALF (Table 2-3). There was an interdetiween
grass and ALF (P=0.07). The digestibility of energy was lower for lambsHed T
supplemented with ALF (64%) than for lambs not supplemented (68%), and diggstibilit
of energy was higher for lambs fed RCG supplemented with ALF (72%) thamibs|

not supplemented (67%).

NDF Digested

Digestibility of NDF did not differ by species of grass (Table 2-2),duet to
increased intake, lambs offered RCG digested more NDF than lambs offered TF. The
digestibility of NDF did not differ when lambs were fed grasses with or witAbgt
(Table 2-3), but there was an interaction between grass and ALF (Table @34 )P=
The digestibility of NDF was lower for lambs fed TF supplemented with A0%4) than
for lambs not supplemented (67%), and digestibility of NDF was higher fdrsléea

RCG supplemented with ALF (70%) than for lambs not supplemented (75%).
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Trial 2: Birdsfoot Trefoil asa Supplement
to Tall Fescue and Reed Canarygrass
Total Dry Matter Intake
As in Trial 1, lambs ate more dry matter when fed RCG than when fed TF (Table
2-4). They also ate more dry matter when supplemented with BFT (Table Re®. Was
no interaction between BFT and grass (Table 2-5).

Table 2-4. Digestibility table for lambs fed endophyte-infected tall fe4d® or reed
canarygrass (RCG) in Trial 2.

TFY RCG Std. Error Grass

Dry Matter Intake (g/d) 583 843 38 P=0.0002
Grass Intake (g/d) 546 779 42 P=0.0013
BFT? Intake (g/d) 76 132 28 P=0.19
DM* Digestibility (%) 68 67 0.02 P=0.80
DM Digested (g/d) 364 539 39 P<0.0001
Digested N Retained (%) 51 55 7 P=0.63
N Retained/N Consumed (%38 37 6 P=0.33
N Retained (g/d) 8 12 2 P=0.009
N Digested (g/d) 15 27 2 P<0.0001
N Digestibility (%) 79 82 1 P=0.03
Energy Digestibility (%) 68 68 3 P=0.96
Energy Digested (Kcal/d) 1,492,337 123 P<0.0001
NDF®° Digestibility (%) 67 67 3 P=0.95
NDF Digested (%) 200 305 19 P<0.0001
'Tall Fescue.

’Reedcanary Grass.
3Birdsfoot Trefoil.

“Dry matter.

*Nitrogen.

®Neutral detergent fiber.
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Grass Intake
Lambs fed RCG ate more grass than lambs fed TF (Table 2-4). There was an

interaction between grass and BFT (Table 2-5). With TF, lambs fed BFTadg&sy/d
more than lambs not fed BFT (695g/d vs. 619g/d), and their intake of TF was 146g/d less
than that for lambs fed only TF (619g/d vs. 473g/d). With RCG, lambs fed BFT ingested
129g/d more than lambs not fed BFT (869g/d vs. 740g/d), and their intake of RCG was
77g/d less than that for lambs fed only TF (740g/d vs. 817g/d). Thus, there was an
increase in intake due to BFT with both grasses, but the effect was gvghtBCG than

with TF.

BFT Intake
There was a trend toward higher intake of BFT for lambs fed RCG as opposed to

TF (Table 2-4).

Dry Matter Digested

Digestibility of dry matter did not differ when lambs were fed RCG or Tdbl@ 2-4).
However, lambs ate more when fed RCG than when fed TF, which resulted in more dry
matter digested by lambs fed RCG than by lambs fed TF (Table 2-4). Thehiligest

dry matter did not differ due to BFT (Table 2-5). However, lambs digested more dry
matter when grasses were fed with as opposed to without BFT due to increased intake

(Table 2-5). Grass and BFT did not interact (P=0.53).
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Table 2-5. Digestibility table for lambs fed endophyte-infected tll fescue) @rireed
canarygrass (RCG) with and without birdsfoot trefoil (BFT) in Trial 2.

TF TF RCG RCG

without ~ with  without with  Std. BFT*

BFTF? BFT BFT BFT Error BFT Grass
Dry Matter Intake (g/d) 473 695 817 869 54 P=0.02-0.41
Grass Intake (g/d) 473 619 817 740 60 P=0.B#0.08
DM* Digestibility (%)  71% 65% 66% 68 3 P=0.3P=0.13
DM Digested (g/d) 321 406 484 562 43 P=0.0%=0.53
Digested N Retained
(%) 56 46 51 58 9 P=0.76P=0.20
N Retained/N
Consumed (%) 36 41 40 35 8 P=0.99=0.33
N Retained (g/d) 6 9 13 11 2 P=0.6B=0.10
N Digested (g/d) 13 17 27 27 2 P=0.2=0.32
N Digestibility (%) 81 76 82 82 2 P=0.08=0.11
Energy Digestibility
(%) 71 65 67 68 4 P=0.32P=0.16
Energy Digested
(Kcal/d) 1,322 1,664 2,234 2,43973 P=0.04 P=0.58
NDF® Digestibility (%) 71 62 67 66 4 P=0.08=0.23
NDF Digested (g/d) 182 217 306 304 27 P=0.46-0.35

Tall Fescue.

“Birdsfoot Trefoil.
®Reedcanary Grass.
“Dry matter.
*Nitrogen.
®Neutral detergent fiber.
Nitrogen Digested
The digestibility of nitrogen was higher for lambs fed RCG than for lanth$Fe
(Table 2-4). The percent digestibility of nitrogen was higher fobkfed grass plus BFT

than for lambs fed only grass , but the total nitrogen digested did not differ with or

without BFT (Table 2-5), nor did grass and BFT interact (Table 2-5).
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Nitrogen Retained
The percent of digested nitrogen retained did not differ due to speciessf gra
(Table 2-4), but lambs fed RCG retained more nitrogen than lambs fed TE ¢Fdhl
The percent of digested nitrogen retained did not differ when lambs weremsgopéd

with BFT (Table 2-5).

Kilocalories Digested

The digestibility of energy did not differ when lambs were fed RCG diTable
2-4). However, due to increased intake, lambs fed RCG digested more energyntian la
fed TF (Table 2-4). The digestibility of energy was not affectedwdwmbs were
supplemented with BFT (Table 2-5), but due to higher intakes, lambs digested more
kilocalories with as opposed to without BFT (Table 2-5). Grass and BFT did notintera

(Table 2-5).

NDF Digested
The digestibility of NDF did not differ by species of grass (Table 2-4).dvew
due to increased intake lambs fed RCG digested more NDF than lambs fed B=2Tabl
4). The percent digestibility of NDF was lower for lambs supplemented wAthtBan
for lambs not supplemented (Table 2-5). The amount of NDF digested did not differ for
lambs supplemented with BFT and lambs not supplemented with BFT (Table 2-5).Grass

and BFT did not interact (Table 2-5).
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DISCUSSION

| hypothesized nutritional benefits for lambs that consumed legumes such as
alfalfa (saponins) and birdsfoot trefoil (tannins) in conjunction with grassbesasuall
fescue and reed canarygrass that contain alkaloids based on the fact that secondary
compounds limit how much of any particular food an animal can eat (Freeland and
Janzen, 1974; Provenza, 2003). Based on this hypothesis, | predicted that food intake and
digestibility of nutrients would be higher for lambs fed complimentary mestof plants
as opposed to a monospecific diet.

Consistent with the predictions of my hypothesis, lambs offered ALF or BFT
consumed more dry matter and digested more nutrients than lambs not offered these
forages regardless of grass species (Table 2-2, 2-3, 2-4, anB@48)p both trials,
lambs ate less TF than RCG, perhaps due to the differences in the kinds of alkaloids in
TF and RCG and to the much higher alkaloid content in TF than in RCG (unpublished

data). Lambs also ate more ALF than BFT indicating a preference_far A

Aflalfa

Lambs offered ALF digested more nitrogen and energy than lambs not offered
ALF, even though they were fed ALF for only 30 min/d and less than 30% of their diet
consisted of ALF. Lambs fed TF consumed about 27% of their daily intake as ALF (2159
of 7839g), and lambs fed RCG consumed about 20% of their daily intake as ALF (2079 of

1,0139).
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With TF, lambs fed ALF ingested 222g/d more than lambs not fed ALF (783g/d
vs. 561g/d), yet their intake of TF was only 78g/d less than that for lambs fed only TF
(561g/d vs. 639g/d). With RCG, lambs fed ALF ingested 206g/d more than lambs not fed
ALF (1013g/d vs. 807g/d), and their intake of RCG was 95g/d less than that for laimbs fe
only TF (807g/d vs. 902g/d). Thus, there was a synergistic effect on intake provided by
ALF with both grassesSteers decrease intake of endophyte-infected tall fescue when
offered high-quality forages (Goetsch et al., 1987), but the degree to which this foccur
both TF and RCG evidently is influenced by the sequence in which legumes such as
alfalfa and trefoil are offered. Use of TF and RCG by sheep and cattlasasrmarkedly
when legumes are fed prior to eating the grasses (Lyman, Provenza, altoc V28,
unpublished data; Lockard, Provenza, Villalba, and Cheney, 2008, unpublished data).
Collectively, these findings show offering ALF for a short period eachraagases
intake which in turn increases animal performance on alkaloid containinggsassh as
TF and RCG.

The nutritional benefits experienced by lambs offered ALF as a supplement to TF
and RCG were in part due to the lambs’ increased intake of dry matter, highgr afual
the supplement, and possibly the predicted chemical interactions among PSC. Food
quality increased with supplementation, as lambs fed TF ate 27% of theis @iehore
nutritious plant (ALF) than lambs not supplemented (Table 2-1). ALF had lessaNDF
more nitrogen thus making it more easily digestible and more nutritious than seegyra
(Table 2-5). Lambs also ate more food when offered a legume as opposedgoigta

grass, likely due to complementarities in PSC profiles. Thus, the inciaarstaske and
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digestibility we attribute to interactions among different primary &cdisdary
chemicals derived from the combination of a legume and a grass. Lantesl ¢td-
had higher dry matter intake and digested more total grams of dry mattéreteuvas a
trend toward lower dry matter digestibility when lambs fed TF were supplethesith
ALF, and a trend toward higher dry matter digestibility when lambs fed R&@
supplemented with ALF. Increased intake can increase rate of passhygeraftter
through the gastrointestinal tract (Van Soest, 1994). The lower digestibitity afiatter
when lambs fed TF were supplemented with ALF could be attributed to incretesedl ra
passage that lowered digestibility of dry matter. Lambs in both groups digesteahte
percent of total nitrogen consumed, but more grams of nitrogen were digestedby lam
offered ALF (Table 2-2). Percent of consumed energy digested did not diffanmos in
either group, but lambs offered ALF digested more energy (Table 2-2). \A&fmhes|
supplemented with ALF digested approximately the same percent of consuneatsiutr
as lambs not supplemented with ALF, lambs supplemented with ALF digested more

nutrients than lambs not supplemented with ALF.

Birdsfoot Trefoil

Lambs did not consume as much BFT as ALF. Lambs in the TF group consumed
only 13% of their daily intake from BFT (769 out of 5879), and lambs in the RCG group
consumed only 15% of their daily intake from BFT (1329 out of 869¢g). Nonetheless, a
small amount of BFT in the lamb’s diet provided the nutritional benefits.

Lambs fed a basal diet of TF supplemented with BFT ate more TF than laimbs fe

only TF (Table 2-4). With TF, lambs fed BFT ingested 76g/d more than lambs not fed
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BFT (695g/d vs. 619g/d), and their intake of TF was 146g/d less than that for lambs fed
only TF (619g/d vs. 473g/d). With RCG, lambs fed BFT ingested 129g/d more than
lambs not fed BFT (869g/d vs. 740g/d), and their intake of RCG was only 77g/d less than
that for lambs fed only TF (740g/d vs. 817g/d). Thus, there was a synergistioeffect
intake provided by BFT with both grasses, but the effect was greater wititiR@®&vith
TF. These results support findings that offering combinations of certain fooéases

intake (Meuret et al., 1994).

Comparison of ALF and BFT

Several benefits are derived from adding legumes such as ALF and BFT to
pasture mixtures. Until recently, nitrogen fertilizer was inexpensive ancko@nt to
use, but that is not the case nowadays, and it is not likely to be in the future. Legumes
have the ability to fix nitrogen and boost pasture productivity and quality fordkest
consumption, as evidenced in this and other studies. Our findings show that intake of
grasses such as TF and RCG both increased when lambs were supplementétewith ei
ALF or BFT, and these increases in intake led to greater nutrient digestibilgeneral,
lambs ate more ALF than BFT, but a small amount of BFT made a big difference i
intake and digestibility. My findings are consistent with field studies ofdiraging
behaviour of sheep on monocultures versus mixtures, carried out on the pasturds where
collected the forages used in my trials (Lockard, Provenza, Villalba, and\; 2608,
unpublished data).

Other studies show benefits of animals consuming foods that complement one

another. Alfalfa is good supplement for livestock eating range grassexfigkland
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Herbel, 1986), and many forbs and shrubs provide cattle with nutritional benefiés sim
to those of offering alfalfa (Arthun et al., 1992a,b). When grazing adjacentgmesfur
sulla and Italian ryegrass, sheep spend more time eating than when grdyitiglian
ryegrass (Molle et al., 2008). More generally, offering a variefgads is beneficial.
For instance, cattle in feedlots offered the ingredients in a total mixed fisge-choice
consume more food than cattle offered only a total mixed ration (Atwood et al., 2001).
Finally, plant diversity on rangelands can be used to increase intake andbiliiyesit
nutrients, which improves animal performance. Herders in France usecampir
understanding of forage and landscape diversity to stimulate food intake aaméuttyor
use the range of plants available by herding in grazing circuits (Hubert, 1@98et\et
al., 1994; Meuret, 2008). The circuit includes a moderation phase, which provides sheep
access to plants that are abundant but not highly preferred to calm a hungryh#iock; t
next phase is a main course for the bulk of the meal with plants of moderate abundance
and preference; then comes a booster phase of highly preferred plants for addiyg; divers
and finally a dessert phase of palatable plants that complement previouslyeages.f
Daily grazing circuits are designed to stimulate and satisfy ara#iniappetite for
different nutrients, and they enable animals to maximize intake of nutrientsgaatee
intake of different toxins. Moving animals to fresh pastures, or moving them to nasv are
on rangelands, has the same effect (Provenza, 1996; Bailey and Provenza, 2008). The

new areas offer nutritious forages and a change of scenery.
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CHAPTER 3
INFLUENCE OF SAPONIN OR TANNIN ON INTAKE AND NUTRIENT

DIGESTION OF FOOD THAT CONTAINSDIFFERENT ALKALOID

ABSTRACT: I hypothesized lambs fed saponin or tannin as a supplement to foods
containing alkaloids such as gramine (G) and 5-methoxy-N,N-dimethyltnymea(T)

have nutritional benefits over lambs fed alkaloids but not offered saponin or tannin.
Saponins and tannins can bind to alkaloids, thus | predicted sheep fed saponins or tannins
in foods would maintain higher nutrient intake and digestibility than sheep fed only
alkaloid-containing foods. | conducted two trials to determine the existerace of

nutritional benefit when lambs were supplemented with tannin or saponin. In trial 1,
lambs were supplemented with saponin, and in trial 2, lambs were supplemented with
tannin. All feeds were isocaloric (3.3Mcal.kg) and isonitrogenous (14% CP). gdban
collection period, forage, fecal, and urine samples were collected andexhtdy

determine total dry matter intake and apparent digestibility of dry matingye

nitrogen, and NDF. Lambs offered saponin digested approximately the same amount of
dry matter, energy, nitrogen, and NDF as lambs not offered saponin. Tannin consumption
adversely affected dry matter, energy, and NDF digestibility. Howevebslaiffiered

tannin increased dry matter intake, and as a result, digested the same amount of dry
matter, energy, and NDF as lambs not offered tannin. Lambs offered tannin alsedlig

and retained more nitrogen than lambs not offered tannin.
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INTRODUCTION

In the Lewiston study, the forages used varied in both primary and secondary
chemistries. Hence, the degree to which PSC affected nutrient intake anibitligest
could not definitively be determined. To better assess the possible roles of R8C in t
Lewiston study, | conducted a study at Green Canyon in which | added PSC to food of

uniform primary chemistry.

OBJECTIVES

My objectives were to determine if a simple subset of the secondary compounds
(tannins, saponins, and alkaloids) of interest in the Lewiston study influenced the

nutritional variations in lambs when the primary compounds were held constant.

MATERIALSAND METHODS

Twenty commercial Rambouillet-Columbia-Finn-Targhee and Suffolk lambs dsoht
age were placed in individual metabolism stalls at the Utah State Universagn G
Canyon Ecology Center Facility as approved by the Animal Care anddismi@ee
(Approval # 1317).

Lambs were offered foods containing different PSC in two separate Eals
both trials, | created four total mixed rations with the same ingredientstlsaicthe
foods were isocaloric (3.3Mcal/kg) and isonitrogenous (14% CP). The only dd&ere
between the rations was the presence of different PSCs. | used two supplésodata

containing either saponin or tannin, and two alkaloids containing foods: methoxy-N,N-
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dimethyltryptamine (T) to simulate the ergot alkaloids produced by talléemad
gramine (G) to simulate the alkaloids found in reed canarygrass. Tryptophan isthe cor
structure of the ergot alkaloids (Tudzynski et al., 2001) produced by the endophyte-
infected tall fescue. The alkaloids in reed canarygrass are derivdtivethagramine and

tryptamine (Marten et al., 1973, 1981).

Diets

In Trial 1, lambs were offered food with the alkaloids 5-methoxy-N,N-
dimethyltryptamine (T) or Gramine (G) in combination with a food high in saponins.
Four groups of 5 lambs were offered G or T with saponin (S) in a 2 x 2 factorial that
included alkaloid (G or T) with or without saponin as follows: Group G+S, Group T+S,
Group G only, and Group T only. Trial 2 was similar to trial 1 except that | used a new
group of 20 lambs and lambs in Groups 1 and 2 were offered the supplemental food with
tannin instead of saponin.

| adjusted the amount of secondary chemicals in the lambs’ diets according to the
levels commonly found in plants. The tannin-containing food was 75.5% beet pulp, 14%
soybean meal, 0.5% pomace, 2% soybean oil, and 8% tannin (quebracho tannin from
Tannin Corp., Peabody, MA). The gramine-containing food was 74% beet pulp, 14%
soybean meal, 9.8% pomace, 2% soybean oil, and 0.2% gramine (gramine from Sigma
Chemical Co.). The saponin-containing food was 74.5% beet pulp, 14% soybean meal,
7.5% pomace, 2% oil, and 2% saponin (saponin from Sigma Chemical Co.). The
dimethyltryptamine-containing food was 74% beet pulp, 14% soybean meal, 10%

pomace, 2% oil, and 30ppm 5-methoxy-N,N-dimethyltryptamine (dimethyltryptam
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from Sigma Chemical Co.). Thus, the primary chemistry of the foods wasIyatsiea
same, which allowed us to better isolate the effects of the PSCs on food intake and

nutrient digestion.

Collection Period

The above feeding protocol was a part of a 21-day adaptation period, which was
followed by a 5-d collection period in which foods, feces, and urine were samgied dai
to determine dry matter (DM) intake and nutrient digestibility. Foods oféeeed ad
libitum. Food and refusal samples were weighed daily and dried at 60 degrég=dent
for 72 h. After drying, samples were weighed again to determine dry matter content.
Dried samples were ground in a Whiley mill with a 1mm filter. Twen&ng of each
food sample were composited according to food to represent DM and nutrients fed during
the 5-day collection period. A separate composite containing 20 g from each refusal pe
sheep was made according to species of plant. For instance, a sheep fedi®mind s
would have 2 composites, one per food. Daily values for forage intake were averaged for
the 5-d collection period and then matched for each animal with the composited 5-d
samples of feces and urine to determine nutrient intake and digestibility.

Fecal and urine samples were weighed and collected daily. | weigheftaial
output and then made 1 composite for each sheep that consisted of 30g/d. Each fecal
composite was dried at 60 degrees centigrade for 5 d until completely dry toideter
dry matter content of feces. Urine samples were collected in 10 ml of HCLvienpre
NH; losses. Urine samples were collected and measured daily. | made one epwggosit

lamb that consisted of 300ml of urine per day. One hundred ml from each composite was
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freeze dried for use in nitrogen analyses. Forage and fecal samples wezedhfal 1)
dry matter (DM) (AOAC, 1990); 2) nitrogen (Method 990.03 AOAC, 2002); 3) neutral
detergent fiber (NDF) (Goering and Van Soest, 1970); and 4) gross energ{C(AOA
1990). Dried composites were used to determine dry matter intake, nutrient inthke, a
energy intake. Nutrients consumed vs. excreted in feces were measisgesoapparent
digestibility of DM, energy, and NDF (hemicelluloses, cellulose, lignid,iagoluble
ash). Nitrogen consumed versus excreted in urine and feces were used tmdeterm

nitrogen utilization.

Statistical Analyses

The statistical design for each trial (1 and 2) was a 2 x 2 factortabialoid (G
or T) and supplemental food (yes or no) as the main effects. Animals (n =5 per
treatment) were nested within treatments. Day (n=5) was the repeassdire. Saponin
containing food was the supplement used in trial 1 and tannin containing food was the
supplement used in trial 2. The response variables were dry matter intakeraard nut

digestibility. Due to the small sample sizes (n=5), | consider P<0.10 sagymifi

RESULTS
Trial 1: Alkaloids and Saponin
Total Dry Matter Intake
There were no differences in total dry matter intake due to alkaloid (se&taple
or saponin (see table 3-2). Nor were there interactions between alkaloid and ssg®nin (

table 3-2), alkaloid and day (P=0.32).
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Table 3-1. Digestibility table for lambs fed gramine vs. dimethyltryptamine ialT.

Std.

G T? Error Alkaloid
Dry Matter Intake (g/d) 941 906 70 P=0.74
Alkaloid Intake (g/d) 770 790 54 P=0.80
Saponinintake (g/d) 340 231 69 P=0.29
DM? Digestibility (%) 78 79 1 P=0.66
DM Digested (g/d) 3,600 3,455 292 P=0.73
Digested N Retained (%) 41 37 3 P=0.47
N Retained/N Consumed (%) 40 44 3 P=0.24
N Retained (g/d) 51 54 7 P=0.77
N Digested (g/d) 83 85 7 P=0.89
N Digestibility (%) 67 70 2 P=0.24
Energy Digestibility (%) 77 77 1 P=0.84
Energy Digested (Kcal/d) 14,72213,964 1205 P=0.66
NDF Digestibility (%) 76 78 1 P=0.48
NDF Digested (%) 1,506 1,520 132 P=0.94

'Gramine.

*Tryptamine.
Dry matter.
*Nitrogen.
®Neutral detergent fiber.
Intake of Foods with Alkaloids
Food intake did not differ due to alkaloid (Table 3-1). There were no interactions

between alkaloid and saponin (Table 3-2). Saponin decreased the intake of food with

gramine or tryptamine (Table 3-2).

Intake of Food with Saponin
There were no differences in intake of the food containing saponin due to

alkaloids.
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Table 3-2. Digestibility table for lambs fed foods with and without saponin in Trial 1 of
the Green Canyon Study.

G G T T

without with without with Std.

Sapg Sap Sap Sap Error Sap Sap*Grass
Dry Matter
Intake (g/d) 940 941 950 863 100 P=0.68 P=0.67
Alkaloid Intake
(g/dz 940 600 950 630 77 P=0.0005 P=0.90
DM
Digestibility (%) 78 79 78 80 2 P=0.56 P=0.92
DM Digested
(g/d) 3,475 3,646 3,607 3303 412 P=0.80 P=0.64
Digested N
Retained (%) 40 42 40 35 5 P=0.49 P=0.86
N Retained/N
Consumed (%) 39 40 44 43 4 P=0.15 p=0.93
N Retained (g/d) 48 54 58 51 10 P=0.94 P=0.52
N Digested (g/d) 79 88 87 83 10 P=0.85 P=0.53
N Digestibility
(%) 65 69 68 71 2 P=0.15 P=0.93
Energy
Digestibility (%) 76 78 77 78 2 P=0.55 P=0.83
Energy Digested
(ché/d) 14415 15,03014,681 13,2481703 P=0.81 P=0.56
ND
Digestibility (%) 76 77 78 78 2 P=0.59 P=0.84
NDF Digested
(g/d) 1,455 1557 1584 1,455187 P=0.95 P=0.55
'Gramine.
2Saponin.

*Tryptamine.

“Dry matter.

°Nitrogen.

®Neutral detergent fiber.
Dry Matter Digested

The digestibility of dry matter did not differ when lambs were fed grarar

tryptamine (Table 3-1). Nor did the digestibility of dry matter diffeewtambs were
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supplemented with saponin (Table 3-2). Alkaloid and saponin did not interact (Table 3-

2).

Nitrogen Digested

Nitrogen digestibility and grams of nitrogen digested did not differ for |aedbs
gramine and tryptamine (Table 3-1). Nor did nitrogen digestibility and gramgafgen
digested differ due to saponin (Table 3-2). Alkaloid and saponin did not interat¢ GFa

2).

Nitrogen Retention
The percent of digested nitrogen retained did not differ due to alkaloid (T-dble 3

or saponin (see table 3-2). Nor did alkaloids and saponin interact (P=0.52).

Kilocalories Digested
There were no differences in energy digestibility or energy digested due to
alkaloid (Table 3-1) or saponin (Table 3-2). Alkaloid and saponin did not interdae(Ta

3-2).

NDF Digested
There were no differences in NDF digestibility or NDF digested due to alkaloi

(Table 3-1) or saponin (Table 3-2). Nor did alkaloid and saponin interact (Table 3-2).



40

Trial 2: Alkaloids and Tannins

Total Dry Matter Intake

Total dry matter intake did not differ due to alkaloid (Table 3-3). There was a
trend toward increasing intake of G with tannin (Table 3-4). Alkaloid and tannin did not
interact (Table 3-4).

Table 3-3. Digestibility table for lambs fed gramine vs. dimethyltryptaminerial 2 of
the Green Canyon Study.

Std.
G T? Error Alkaloid
Dry Matter Intake (g/d) 965 914 50 P=0.48
Alkaloid Intake (g/d) 882 801 48 P=0.25
TanninIntake (g/d) 166 226 30 P=0.20
DM? Digestibility (%) 76 77 1 P=0.53
DM Digested (g/d) 3582 3467 184 P=0.66
Digested N Retained (%) 46 39 47 P=0.36
N Retained/N Consumed (%) 32 36 3 P=0.40
N Retained (g/d) 39 44 5 P=0.47
N Digested (g/d) 70 80 6 P=0.25
N Digestibility (%) 58 66 3 P=0.08
Energy Digestibility (%) 75 74 1 P=0.69
Energy Digested (Kcal/d) 1485 1335837 P=0.17
NDF Digestibility (%) 74 75 1 P=0.43
NDF Digested (%) 1602 1533 89 P=0.59

'Gramine.

*Tryptamine.

*Dry matter.

“Nitrogen.

°Neutral detergent fiber.
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Table 3-4. Digestibility table for lambs fed foods with and without tannin in Trial 2 of
the Green Canyon Study.

G G T T
without with without with Std. Tan*
Tarf Tan Tan Tan Error Tan Grass
Dry Matter Intake 70
(g/d) 887 1,042 904 923 P=0.23 P=0.35
Alkaloid Intake 68
(g/d) 887 877 904 697 P=0.13 P=0.17
DM* Digestibility 1
(%) 77 75 80 74 P=0.0026 P=0.20
DM Digested (g/d) 3,358 3,806 3,606 3,32260 P=0.75 P=0.18
Digested N 67
Retained (%) 54 37 43 35 P=0.07 P=0.49
N Retained/N 5
Consumed (%) 25 39 34 38 P=0.07 P=0.33
N Retained (g/d) 29 49 41 47 7 P=0.07 P=0.35
N Digested (g/d) 61 79 71 89 8 P=0.06 P=0.99
N Digestibility (%) 54 61 60 73 5 P=0.04 P=0.46
Energy 1
Digestibility (%) 76 73 77 71 P=0.003 P=0.23
Energy Digested 1,043
(Kcal/d) 14,012 15,68213,924 12,883 P=0.74 P=0.23
NDF® Digestibility 2
(%) 75 72 79 71 P=0.008 P=0.27
NDF Digested 126
(g/d) 14,282 15,68213,829 12,883 P=0.87 P=0.19
'Gramine.
2Saponin.

*Tryptamine.

“Dry matter.

*Nitrogen.

®Neutral detergent fiber.
Intake of Food with Alkaloids

There were no differences in intake due to alkaloid (Table 3-3) or tannin (Table 3-

4). Nor were there interactions between alkaloids and tannin (Table 3-4).
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Intake of Food with Tannin

There were no differences in tannin intake due to alkaloid.
Dry of Matter Digested

Dry matter digestibility and dry matter digested did not differ due tdatka
(Table 3-3). Dry matter digestibility was lower for lambs supplesgntith tannin
(Table 3-4). However, due to increased intake when lambs were supplemented with
tannin, there were no differences in dry matter digested due to tannin (Table 3-4).

Alkaloid and tannin did not interact (Table 3-4)

Nitrogen Digested

Nitrogen digestibility was higher for lambs fed tryptamine than for lamts f
gramine, however, there were no differences in the amount of N digested (Table 3-3)
Nitrogen digestibility was higher and lambs digested more nitrogen when sgoyésl
with tannin than when not supplemented (Table 3-4). Alkaloid and tannin did not interact

(Table 3-4).

Nitrogen Retention

There were no differences in the percent of digested nitrogen retained due to
alkaloid (Table 3-3). Lambs retained a smaller percent of digested mtwigen
supplemented with tannin. However, due to increased intake, lambs offered G retained
similar nitrogen as lambs offered T (Table 3-3). Alkaloid and tannin did noaatte

(Table 3-4).
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Kilocalories Digested
There were no differences in energy digestibility or energy digested due to

alkaloid (Table 3-3). Digestibility of energy was lower for lambs effietannin than for
lambs not offered tannin. However, due to increased intake, there was no difference in
energy digested due to tannin (Table 3-4). There was a trend toward actionera
between alkaloid and tannin because tannin affected G differently from T. lfathas
basal diet of G and supplemented with tannin digested more energy than lambs fed only
G, while lambs fed T and supplemented with tannin digested less energy thanddmbs f

T only (Table 3-4).

NDF Digested

NDF digestibility or the amount of NDF digested did not differ due to alkaloid
(Table 3-3). NDF digestibility was lower for lambs supplemented with tiathiain for
lambs not supplemented. However, due to increased intake by lambs supplemented with
tannin, there were no differences in NDF digested due to tannin (Table 3-4). Alkaloid

and tannin did not interact (Table 3-4).

DISCUSSION

| hypothesized that saponins and tannins inactivate alkaloids due to their binding
affinities, thus reducing the negative effects of alkaloids on nutrition and ifdakedon
this hypothesis, | predicted that food intake and nutrient digestibility would ber iaghe

lambs supplemented with saponin or tannin than for lambs not supplemented.
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Saponin

Supplementing lambs with a saponin-containing food did not affect total dry
matter intake or nutrient digestibility, but there were differenceskala@d intake due to
offering saponin to lambs. Lambs offered saponin during the first 30 min of fesatihg
day consumed less of the alkaloid-containing food than lambs not offered saponin (6159
vs. 945¢g). This may be due in part to lambs eating the saponin-containing food and
needing less of the alkaloid-containing food to meet their nutritional reqemtenOn the
other hand, lambs not offered saponin had to eat more of the alkaloid-containing food to
meet their nutritional requirements. Based on chemical structures and taffthiiges, |
predicted that saponin would complement the ergot alkaloids in endophyte-infected tall
fescue. Due to difficulty locating a chemical supplier with ergovalinegaotamine,
dimethyltryptamine was used to simulate the ergot alkaloids of talldesevould expect
greater differences if this study was duplicated using one of the ergot a¢kedther

than dimethyltryptamine.

Tannin

Lambs supplemented with tannins digested a lower percent of consumed NDF,
energy, and dry matter (Table 3-Blonetheless, there were no differences in the total
amount of NDF, energy, and dry matter digested by lambs offered tannin anchiambs
offered tannin because lambs fed tannin tended to consume more dry matter (Table 3-4).
As a result, they digested approximately the same amount of dry matteyy, earet

NDF as lambs not offered tannin.
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Supplementing with tannin increased nitrogen utilization by lambs. Lambs
supplemented with tannin digested more nitrogen than lambs not supplemented with
tannin (Table 3-4). They also digested more consumed nitrogen (Table 3-4)than la
not offered tannin. These results support the findings of Lyman (Lyman, Provenza, and
Villalba, 2008, unpublished data) that suggest offering tannin to sheep reduces the
adverse effects of alkaloids on intake. Other studies suggest similar advaftages
offering lambs complementary PSC. When offered foods with terpenes, tannins, and
oxalates, sheep eat more than when offered foods with only one or two of these PSC
(Villalba et al., 2004).

The forage (Lewiston) study and the ration (Green Canyon) study show benefits
of supplementing lambs with foods containing high concentrations of tannins. However,
the benefits of supplementing with tannin were different for each study. Supplegnenti
lambs fed alkaloid containing grasses with a high-tannin variety of birdséboi tr
(Lotus corniculatus Goldie variety) stimulated increased intake of dry matter and resulted
in lambs digesting more energy and nitrogen, but did not affect the digestibilgsef
nutrients. In the ration study, however, supplementing with tannin increaseduiligyesti
of nitrogen, but did not affect dry matter intake. Several factors likely boied to the
differences in the two studies. The advantages experienced in the pasturesstudy w
undoubtedly due in part to interactions among primary and secondary compounds that
affected forage intake. Conversely, the foods offered in the pen study wérsiteih
rations of the same ingredients that differed only in their contents of oneTRBGIns

increased nitrogen digestibility, but did not affect intake.
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More generally, tannins are increasingly recognized as compounds important
health and nutrition, though historically they were thought by agriculturalists and
ecologists alike to adversely affect herbivores. Eating plants high in tasrmvgay for
herbivores to reduce internal parasifes and Hart, 2003), and tannins alleviate bloat
by binding to proteins in the rumen (Waghorn, 1990). By making the protein unavailable
for digestion and absorption until it reaches the more acidic abomasum, tannins also
enhance nutrition by providing high-quality protein to the small intestinesy(Baal.,
2001). This high-quality-protein-bypass effect enhances immune responsasraadas
resistance to gastrointestinal nematodes (Niezen et al., 2002; Min et al., 2004). The
resulting increase in essential and branched-chain amino acids improweekictipn
efficiency in sheep (Min et al., 2001). Tannins in the diet are a natural way t@reduc
methane emission in ruminants (Woodward et al., 2004), which is an important issue
regarding ongoing efforts to diminish the influence of livestock on global warming
Finally, tannins eaten in modest amounts by herbivores can improve the color and quality
of meat for human consumption (Priolo et al., 2005). More generally, diverse asdsrtme
of SC in the diets of herbivores influence the flavor, color and quality of meat and milk

for human consumption, often in ways that are positive (Vasta et al., 2008).

REFERENCES

AOAC. 1990. Official Methods of Analysis. 1®d. Assoc. Off. Anal. Chem.,
Arlington, VA.

AOAC. 2002. Official Methods of Analysis. 12d. Assoc. Off. Anal. Chem.,



47
Arlington, VA.

Barry, T.N., D.M. McNeill, and W.C. McNabb. 2001. Plant secondary compounds: Their
impact on nutritive value and upon animal production. Pages 445-452 in Proc.
XIX Int. Grass. Conf., Sao Paulo, Brazil.

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber analyses (apparatus, reagents,
procedures, and some applications). Agric. Handbook No. 379. ARS, USDA,
Washington, DC.

Marten, G.C., R.F. Barnes, and A.B. Simons, and F.J. Wooding. 1973. Alkaloids and
palatability of Phalaris arundinacea L. Agronomy J. 65:199-201.

Marten, G.C., R.M. Jordan, and A.W. Hovin. 1981. Improved lamb performance
associated with breeding for alkaloid reduction. Crop Sci. 21:295-298.

Min, B.R., J.M. Fernandez, T.N. Barry, W.C. McNabb, and P.D. Kemp. 2001. The effect
of condensed tannins krotus corniculatus upon reproductive efficiency and wool
production in ewes during autumn. Anim. Feed Sci. Tech. 92:185-202.

Min, B.R., and S.P. Hart. 2003. Tannins for suppression of internal parasites. J. of
Anim. Sci. 81:102-109.

Min, B.R., W.E. Pomroy, S.P. Hart, and T. Sahlu. 2004. The effect of short-term
consumption of a forage containing condensed tannins on gastro-intestinal
nematode parasite infections in grazing wether goats. Small Rum. Res. 51:279-
283.

Niezen, J.H., W.A.G. Charleston, H.A. Robertson, D. Shelton, G.C. Waghorn, and

R.Green. 2002. The effect of feeding sulla (Hedysarum coronarium) or lucerne



48

(Medicago sativa) on lamb parasite burdens and development of immunity to
gastrointestinal nematodes. Vet. Parasit. 105:229-245.

Priolo, A., M. Bella, M. Lanza, V. Galofaro, L. Biondi, D. Barbagallo, H. Benr8abnd
P. Pennisi. 2005. Carcass and meat quality of lambs fed fresht-sedissdrum
coronariumL.) with or without polyethylene glycol or concentrate. Small Rum.
Res. 59:281-288.

Tudzynski, P., T. Correia, and U. Keller. 2001. Biotechnology and genetics of ergot
alkaloids. Appl. Microbiol. Biotechnol. 57:593-605.

Vasta, V., A. Nudda, A. Cannas, M. Lanza, and A. Priolo. 2008. Alternative feed
resources and their effects on the quality of meat and milk from small ruminants.
Anim. Feed Sci. Tech. In press.

Villalba, J.J., F.D. Provenza, and H. GouDong. 2004. Experience influences diet mixing
by herbivores: Implications for plant biochemical diversity. Oikos 107:100-1009.

Waghorn, G.C., 1990. Beneficial effects of low concentrations of condensed tannins in
forages fed to ruminants. Page 137 in Microbial and Plant Opportunities to
Improve Lignocellulose Utilization by Ruminants. D.E. Akin, L.G. Ljungdahl
J.R. Wilson, and P.J. Harris, ed. Elsevier Sci. Publ., New York.

Woodward, S.L., G.C. Waghorn, and P.G. Laboyrie. 2004. Condensed tannins in
birdsfoot trefoil (Lotus corniculatus) reduce methane emissions from daitg, cow

Proc. N.Z. Soc. of Animal Prod. 64: 160-164.



49
CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

FOR MANAGEMENT AND RESEARCH

| determined if lambs fed combinations of foods containing alkaloids, tannins, and
saponins ate more and had better nutrient utilization than lambs offered ontydalkal
containing foods. | hypothesized that food intake and digestibility increase whies lam
eat plants such as alfalfa that contain saponins or birdsfoot trefoil that camtaimst
along with plants such as endophyte-infected tall fescue or reed canatygtasontain
alkaloids. Based on this hypothesis, | predicted that the nutritional statusbsfwsonld
be enhanced if they were supplemented with alfalfa or birdsfoot trefoil.

There were differences in the results of the field (forage) trials and the pe
(ration) trials. In the Forage Study, supplementing lambs fed TF and &KaBo{ds)
with ALF (saponin) or BFT (tannin) increased forage intake, which in turn increased
nutrient digestibility. Nutrients from ALF and BFT were higher thanients in the
grasses. Hence, nutrient intake was higher for lambs supplemented with AEF.or B

In the Ration Study, where all diets were isonitrogenous and isocaloric, there we
no benefits to substituting one food with another except with regard to PSC. The only
advantage of supplementing lambs fed feed containing alkaloids with feechouptai
tannin or sponin was increased intake and utilization of nitrogen by lambs supplemented
with tannin.

Many factors likely contributed to the differences in the Forage and Ration

studies. The advantages experienced in the Forage Study were undoubtedly due in part to
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interactions among primary and secondary compounds that affected for&ge inta
Conversely, the foods offered in the Ration Study were total mixed rations thist@dns
of the same ingredients and only differed in their content of one PSC. Thus, difference
observed in intake and nutrient utilization could be attributed to differences in sGch PS

In the pen trials, | used only one compound (5-methoxy-N,N-dimethyltryptamine
or gramine) in combination with a food high in saponins or tannins. Conversely, plants in
the pasture trials were considerably more diverse in secondary compouhtisscled
has two major types of alkaloids, those associated with the plant and those due to
infestation of the funguNleotyphodium coenophialum. Alkaloids produced by the plant --
perlolidine and perloline -- can affect rumen fermentation. The fungustatsb
alkaloids -- N-acetyl loline and N-formyl loline — are associated withuiegaxicity.
Perlolidine and perloline are both steroidal in nature. N-acetyl loline and NAftmine
both have lipid chemical structures (Cheeke and Schull, 1985; Cheeke, 1998). Reed
canarygrass, in its wild form, contains eight alkaloids -- four derivativesphinine,
gramine, hordine, and two derivativespetarboline -- that when ingested in
monocultures reduce intake and performance, and in extreme cases produce gross
histopathology of the central nervous system (Phalaris staggers) (Maateri6¥ 3,

1981). Alfalfa contains glycosides such as saponins (Lu and Jorgensen, 1987) and
birdsfoot trefoil contains tannins (Ramirez-Restrepo and Berry, 2005), both of which
reduce intake and performance when consumed as single plants in too large amounts.

In addition to differences in chemical characteristics of plants, diffeseincdry

matter intake could in part be due to differences in the physical charactefrigte



51
forages. Lambs in the Forage Study preferred to eat only the leaves ofapldméused
the stems. Increased intake of certain combinations of plants could be due tatthefabil
lambs to harvest the leaves of the different plants. For instance, reed casahay
larger leaves and appeared easier for the lambs to harvest than the ledvissofiéa
When lambs were offered either reed canarygrass or alfalfa, they apfmesjpetdd more
time eating and less time nosing through the food searching for desirablef pdatsts
than when lambs were offered tall fescue. In the Ration study, however, food imdake a
digestibility were not affected by differences in the primary chigynes the physical

structure of the foods.

RECOMMENDATIONS FOR MANAGEMENT

My findings provide a nutritional basis for the benefits of mixtures versus
monocultures observed in grazing trials with sheep (Lockard, Provenza, Villatba, a
Cheney, 2008, unpublished data) and cattle (Lyman, Provenza, and Villalba, 2008,
unpublished data), and they suggest mixtures may enhance use of pastures for finishing
livestock. Mixtures of plants increased dry matter intake and nutrient digégsfidmil
lambs fed alkaloid-containing grasses. Planting alfalfa or birdsfootltaédng with tall
fescue and reed canarygrass can enhance pasture productivity and provide@nimal
pastures with nutritional benefits that also enhance performance and healthu-past
finished lambs and calves as well.

While some argue the time to finish cattle on pastures is too great comptred wi

feedlots, fall-born calves can gain 2.5 to 3.0 Ibs/head/day on the nutritious plant mixtures
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we propose to use (Meek et al., 2004; Lyman, Provenza, and Villalba, 2008, unpublished
data), and they can be slaughtered at as little as 14 months of age (Wiedroegz&r
Villalba, 2005, unpublished data). Most importantly, the cost/unit of digestible energy on
pastures is $0.029 while that on a typical high-cereal grain feedlot diet is $0.075 for a
difference of 162% (Wiedmeier and Snyder 2005, unpublished data).

The discovery of endophyte-infected Kentucky-31 tall fescue, which now grows
on 14 million hectares of pasture land in the U.S. (Buckner et al., 1979), was
revolutionary for enabling livestock production in the so-called “transition zivoet
Missouri and Arkansas to the east coast. Indeed, fescue made Missouri second in the
nation in livestock production. Though endophyte-infected tall fescue is not typically
classified as a toxic plant, the alkaloids it contains cause severe lagtkesaad a
conservative estimate of the impact of fescue alkaloids on livestock exgs@@imillion
annually (Paterson et al., 1995). At the same time, the alkaloids so problematic f
livestock make the plant highly resistant to drought and other environmental stressors
Our research suggests consumption of alfalfa and trefoil can increasatiatake and
digestion, and perhaps reduce fescue toxicity by tannins and saponins binding with
alkaloids.

If saponin- or tannin-containing legumes can offset the negative effetis
alkaloids in endophyte-infected tall fescue and enhance livestock pertnthe
economic impact for beef producers coping with fescue toxicosis will be enormous. |
that regard, it is indeed significant that cattle steadily decreasesiting endophyte-

infected tall fescue when they grazed tall fescue first for 30 minhemdhirdsfoot trefoil
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and/or alfalfa alone for 60 min; yet, when the sequence is reversed taggdactively
on both trefoil and/or alfalfa followed fescue throughout a 90-minmeal (hy2088,
unpublished data). More generally, other toxic plant problems worldwide maytbenef

from similar research and applications on forage mixtures.

RECOMMENDATION FOR RESEARCH

The predicted chemical interactions that formed the basis of my hypothesis are
that alkaloids in tall fescue and reed canarygrass bind with saponinajafadftannins
(birdsfoot trefoil) in the gastrointestinal tract and are excreted infdeas rather than
absorbed. Based on these structural characteristics and binding affiriifipsthesized
that forage intake and nutrient utilization increase when sheep ate a roixélikaloid-
containing grass along with complementary saponin- or tannin-containingifegLm
forage, as compared with eating only high-alkaloid forAgielitional research is needed
to determine if such binding occurs.

In my study, offering alfalfa to lambs fed tall fescue increased intakesaad a
result increased the amount of dry matter digested. However, offerirfg &faered the
digestibility of dry matter. Further research could indicate if lower diggst when
offered alfalfa was due to the high levels of saponin in the alfalfa or thesecie intake
and rate of passage. Further research should be done to determine if the adentages
supplementing lambs with tannin- and saponin-containing legumes can be attidbute
the predicted chemical interactions that are the basis of our hypothssish l& chemical

interaction exists, it would be expected that lambs supplemented with sapaaimsios
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digest fewer alkaloids and reduce the rate of alkaloid absorption, resoltmy e
alkaloids that are excreted in the feces. If so, such an interaction would tieeluce
occurrence of fescue toxicosis associated with the consumption and digestiotoadsalka
and increase the health of animals grazing tall fescue.

More research could also indicate if supplementing lambs on high-alkaloid
grasses with other legumes or forbs containing high concentrations of PSQuresult i
similar benefits as supplementing with alfalfa and birdsfoot trefoilvBl&brbs such as
scarlet globemalowSphaeralcea coccinea) and leatherleaf crotorC(oton pottsii Lam.)
provide cattle on low quality grass diets with similar advantages ashgffafalfa
(Arthun et al., 1992). Native forbs such as these and other pasture legumes such as the
many different clovers may provide lambs with similar nutritional benefitdfalfa or

birdsfoot trefoil.

REFERENCES

Arthun, D., J. L. Holechek, J. D. Wallace, M. L. Gaylean, and M. Cardenas. 1992. Forb
and shrub effects on ruminal fermentation in cattle. J. Range Mange 45:519-522.

Buckner, R.C., J.B. Powell, and R.V. Frakes. 1979. Historical development. Page 1 in
R.C. Tall Fescue. Am. Soc. Agron. Buckner and L.P. Bush, eds. Madison, WI.

Cheeke, P.R. 1998. Natural Toxicants in Feeds, Forages, and Poisonous Plantse Interstat
Publ. Inc., Danville, IL.

Cheeke, P., and L.R. Schull. 1985. Natural Toxicants in Feeds and Poisonous Plants. Avi

Publishing, Westport, CT.



55

Lu, C.D., and Jorgensen, N.A. 1987. Alfalfa saponins affect site and extent of nutrient
Digestion in ruminants. J. Nutr. 117:919-927.

Marten, G.C., R.F. Barnes, and A.B. Simons, and F.J. Wooding. 1973. Alkaloids and
palatability of Phalaris arundinacea L. Agronomy J. 65:199-201.

Marten, G.C., R.M. Jordan, and A.W. Hovin. 1981. Improved lamb performance
associated with breeding for alkaloid reduction. Crop Sci. 21:295-298.

Meek, D.M., R.D. Wiedmeier, P.R. Schmidt, A.T. Young, and D.L. Snyder. 2004. Cow-
calf production on irrigated pastures composed of monocultures versus a mixture
of forages. Proc. West. Sect. Amer. Soc. Anim. Sci. 55:269-272.

Paterson, J., C. Forcherio, B. Larson, M. Samford, and M. Kerley. 1995. The effects of
fescue toxicosis on beef cattle productivity. J. Anim. Sci. 73:889-898.

Ramirez-Restrepo, C.A., and, T.N. Barry. 2005. Alternative temperate forages
containing secondary compounds for improving sustainable productivity in
grazing ruminants. Anim. Feed Sci. Tech. 120: 19-201.

Ramirez-Restrepo, C.A., T.N. Barry, W.E. Pomroy, N. Lopez-Villalobos, W.C. McNabb
and P.D. Kemp. 2005. Use of Lotus corniculatus containing condensed tannins to
increase summer lamb growth under commercial; dryland farming conditions

with minimal anthelmintic drench input. Anim. Feed. Sci. Technol. 122:197-217.



	Influence of Supplemental Legumes that Contain Tannins and Saponins on Intake and Diet Digestibility in Sheep Fed Grasses that Contain Alkaloids
	Recommended Citation

	Nutritional Effects of Sheep Consuming Legumes that Contain Tannins and Saponins in Conjunction

