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Effects of supplementing endophyte-infected tall fescue with sainfoin and 
polyethylene glycol on the physiology and ingestive behavior of sheep1,2
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ABSTRACT: Tannins in sainfoin (Onobrychis viciifo-
lia) may bind to alkaloids in endophyte-infected tall 
fescue [E+; Lolium arundinaceum (Schreb.) Darbysh.] 
and attenuate toxicosis. If so, supplementing E+ with 
sainfoin will increase use of E+ by sheep, and polyeth-
ylene glycol (PEG)—a polymer that selectively binds 
to tannins—will reduce such response. To test these 
predictions, thirty-six 2-mo-old lambs were randomly 
assigned to 3 treatments (12 lambs/treatment). Dur-
ing exposure, all lambs were individually penned and 
fed E+ supplemented with beet pulp (CTRL), fresh-
cut sainfoin and beet pulp (SAIN), or fresh-cut sain-
foin plus PEG mixed in beet pulp (SAIN+PEG). Feed 
intake was measured daily. Rectal temperatures and 
jugular blood samples were taken at the beginning and 
end of exposure. After exposure, all lambs were offered 
choices between endophyte-free tall fescue (E–) and 
orchardgrass, and preference for E– was assessed. 
Then, all lambs were allowed to graze a choice of 
E+ and sainfoin or a monoculture of E+. The forag-
ing behavior of lambs was recorded. When sainfoin 
was in mid-vegetative stage, lambs in SAIN ingested 
more E+ than lambs in CTRL (P = 0.05), but no differ-
ences were detected between lambs in SAIN+PEG and 

CTRL (P = 0.12). Sainfoin supplementation improved 
some physiological parameters indicative of fescue 
toxicosis. Lambs in SAIN had lower rectal tempera-
tures (P = 0.02), greater numbers of leukocytes (P < 
0.001) and lymphocytes (P = 0.03), and greater plas-
matic concentrations of globulin (P = 0.009) and pro-
lactin (P = 0.019) than lambs in CTRL. Some of these 
differences were offset by the SAIN+PEG treatment. 
When lambs were offered choices between E– and 
orchardgrass, only lambs in SAIN had greater intake 
of E– than lambs in CTRL (P < 0.001). When lambs 
were allowed to graze a choice of E+ and sainfoin, all 
treatments used E+ to the same extent (P > 0.05). On 
the other hand, when they grazed on a monoculture of 
E+, lambs in SAIN+PEG showed greater acceptance 
of E+ than lambs in SAIN or in CTRL (P < 0.05). In 
summary, sainfoin supplementation alleviated several 
of the classic signs of fescue toxicosis and increased 
intake of endophyte-infected tall fescue. Tannins in 
sainfoin partially accounted for this benefit since feed-
ing a polymer that selectively binds to tannins (PEG) 
attenuated some these responses. However, sainfoin 
supplementation during initial exposure to E+ did not 
lead to an increased preference for E+ during grazing.
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INTRODUCTION

Tall fescue [Lolium arundinaceum (Schreb.) Dar-
bysh.] is a cool season perennial grass, key for livestock 
production in temperate regions of the world. Tall fescue 
pastures are commonly infected with the fungal endo-
phyte Neotyphodium coenophialum, which confers the 
plant several agronomic advantages (Burns and Cham-
blee, 1979). However, the endophyte produces toxic 
ergopeptide alkaloids such as ergovaline (Bacon and 
Siegel, 1988), which negatively impacts animal produc-
tion (Brown et al., 2009) due to its effects on food intake 
and digestion (Hannah et al., 1990), reproductive perfor-
mance (Porter and Thompson, 1992), and thermoregula-
tory capacity (Gadberry et al., 2003). In the United States 
approximately 90% of tall fescue pastures are endophyte 
infected (E+; Popay et al., 2005, 2009), costing the U.S. 
beef industry between US$600 million to more than $1 
billion per year (Hancock and Andrae, 2009).

The strong binding capacity of condensed tannins 
to nitrogen-based compounds (Charlton et al., 2000) 
may make alkaloids in E+ less available in the gastro-
intestinal tract, thus reducing their toxic effects. Tannin-
containing legumes increase intake of E+ in sheep and 
cattle (Lyman et al., 2011; Owens et al., 2012). However, 
supplementing grasses with legumes also improves the 
balance of carbohydrates to protein in the rumen (Rutter, 
2006) and increases grass intake (Bodine et al., 2000), 
thus providing an alternative explanation for this effect.

We hypothesized that condensed tannins in legumes 
such as sainfoin (Onobrychis viciifolia) attenuate fescue 
toxicosis. If so, we predicted that 1) lambs ingesting E+ and 
supplemented with sainfoin will improve some physiologi-
cal parameters indicative of fescue toxicosis and increase 
intake of and preference for E+ relative to unsupplemented 
animals and 2) feeding polyethylene glycol (PEG), a poly-
mer that binds to tannins and inactivates their effects in the 
digestive tract (Silanikove et al., 1994), will offset any ben-
efit gained from feeding sainfoin.

MATERIALS AND METHODS

The study was conducted at the Green Canyon Ecology 
Center in Logan, UT (41°45′59″ N, 111°47′14″ W; pen tri-
al), and at the Utah Agricultural Experiment Station Pasture 
Research Facility in Lewiston, UT (41°56′59″ N 111° 52′14″ 
W; grazing trial), according to procedures approved by the 
Utah State University Institutional Animal Care and Use 
Committee (approval number 2116). The study occurred 
from the beginning of June to the end of August of 2012. 
Throughout the experimental period, lambs had free access 
to water and trace mineral salt blocks (mineral composition: 
minimum 96% NaCl, 320 mg/kg Zn, 380 mg/kg Cu, 2,400 
mg/kg Mn, 2,400 mg/kg Fe, 70 mg/kg I, and 40 mg/kg Co).

Forages

Well-established stands of endophyte-free (E–) 
and endophyte-infected (E+) tall fescue (‘Kentucky 
31’), sainfoin (‘Shoshone’), and orchardgrass (Dacty-
lis glomerata L.; ‘Latar’) provided the forages for this 
study. Stands were seeded in spring of 2009 in 2 ha (or-
chardgrass and E–) and two 0.2 ha (E+ and sainfoin) 
paddocks at the Utah State University pasture research 
facility in Lewiston, UT. Nutritional and toxicological 
composition of the forage species is reported in Table 1.

Pen Trial

Animals and Preconditioning Period. Thirty-six 
2-mo-old commercial Finn–Columbia–Polypay–Suffolk 
crossbred lambs of an average initial BW of 30 ± 4 kg 
(mean ± SD) were weaned, dewormed with a subcutane-
ous injection of ivermectin (0.2 mg/kg of BW; Ivomec, 
Merial, Duluth, GA), placed in a paddock measuring 20 
by 20 m, and fed ad libitum amounts of alfalfa pellets and 
200 g/(lamb·d) of rolled barley for 15 d. Following this 
period, lambs were individually penned outdoors under a 
protective roof in adjacent pens measuring 1.5 by 2.5 m 
and fed ad libitum amounts of alfalfa pellets and 300 g of 
beet pulp/(lamb·d) for the first 5 d. Thereafter, to famil-
iarize lambs with the experimental protocol, all lambs re-
ceived 250 g (DM basis) of beet pulp from 0800 to 0900 h, 
200 g (DM basis) of fresh-cut sainfoin in full bloom stage 
from 0900 to 1000 h and ad libitum amounts of alfalfa 
pellets from 1000 to 1600 h. Familiarization lasted 10 d.

Conditioning Period. Lambs were blocked by BW 
and sex and randomly assigned to 1 of 3 treatments (12 
lambs/treatment). From 0900 to 0930 h each lamb in the 
treatment (SAIN) received 250 g (DM basis) of beet pulp 
and from 0945 to 1045 h, 250 g (DM basis) of fresh-cut 
sainfoin. Sainfoin was harvested every day at 0730 h by 
hand clipping (15 cm particle size), transported to the 
Green Canyon Ecology Center, and fed to lambs dur-
ing the same day. Lambs in the treatment (SAIN+PEG) 
received the same amounts of supplements and at the 
same times, except that beet pulp was mixed with 33 g 
(as fed basis) of PEG—PEG 3500 (Spectrum Chemicals, 
New Brunswick, NJ). It has been shown that PEG binds 
selectively to condensed tannins limiting their bioavail-
ability, thus attenuating the effects of tannins on the 
consumer’s body (Silanikove et al., 1994; Priolo et al., 
2000). The dose selected was expected to completely 
bind all the tannins provided by sainfoin supplemen-
tation (Waghorn et al., 1987). During the same period 
of time (0900 to 1045 h) lambs in the control treatment 
(CTRL) received 500 g beet pulp to compensate for the 
amount of supplement received in the other treatments.

Every day at 0750 h, E+ was harvested with a lawn 
mower (5 cm particle size), transported to the Green 
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Canyon Ecology Center, and offered ad libitum to all 
lambs from 1100 to 1600 h. No other feed was offered 
until the next day. The conditioning period lasted for 23 
d and involved 2 subperiods. In subperiod 1 (first 17 d of 
the conditioning period) sainfoin was harvested from a 
plot where plants were in the full bloom stage, with high 
concentration of fiber, which progressively constrained 
intake of the legume during the 1 h supplementation in-
terval. Therefore, during subperiod 2 (last 6 d of the pe-
riod) sainfoin was harvested from a different plot where 
plants were in the mid-vegetative stage and had lower 
concentrations of fiber and greater concentrations of CP 
than those in subperiod 1 (Table 1). Tall fescue was in 
the vegetative stage throughout the conditioning period.

Individual daily intake of each feed was calculated by 
the difference between the amount offered and the amount 
refused. Intake was expressed as grams DM per kilogram 
BW. Lambs were weighed at 0800 h after an overnight 
fast at the beginning and end of the conditioning period.

Rectal temperature was measured during the last 5 d 
of the conditioning period.

Measurements were performed using a rectal digital 
thermometer, which was held in the rectum until reach-
ing a stable reading. Measurements were conducted at 
1600 h, 6 h after animals started feeding on E+ and when 
environmental temperatures were peaking for the day.

Blood tests were performed on two 10-mL blood 
samples (with and without heparin added; Becton Dick-
inson Vacutainer System, Rutherford, NJ) collected via 
jugular venous puncture at 0800 h at the beginning and 
the end of the conditioning period. Samples with hepa-
rin were immediately submitted to the Utah Veterinary 
Diagnostic Laboratory (Logan, UT) for total blood cell 
count (Advia 120 Hematology Analyzer; Siemens Med-

ical Solution Diagnostics, Tarrytown, NY). Samples 
with no heparin were allowed to clot for 45 min before 
centrifugation. Serum was separated by centrifugation 
(2,300 × g for 25 min at 4°C) and stored at –20°C until 
analysis. Serum analyses were performed at the Pathobi-
ology and Diagnostic Investigation Laboratory (chemi-
cal analyses) and the Diagnostic Center for Population 
and Animal Health (cortisol and prolactin) of the Michi-
gan State University (Lansing, MI). Serum samples 
were analyzed using an Olympus AU640e automated 
chemistry analyzer and Olympus system reagents (Cen-
ter Valley, PA) for alkaline phosphatase (ALP), aspar-
tate aminotransferase (AST), γ-glutamyl transpeptidase 
(GGT), creatine kinase, total bilirubin, bilirubin, blood 
urea nitrogen (BUN), albumin, and total protein (TP). 
Globulin was calculated as TP – albulmin. The analyzer 
was calibrated according to the manufacturer’s instruc-
tions. Manufacturer instructions were followed by as-
says. Serum cortisol was determined by RIA procedures 
(Siemens, Los Angeles, CA). Minimum detectable con-
centration of cortisol in serum was 5 nmol/L. Interas-
say CV was 8%, and intra-assay CV was 3%. Prolactin 
was determined by ELISA (Blue Gene ELISA Kits; Life 
Sciences Advanced Technologies Inc., Saint Petersburg, 
FL). Minimum detectable concentration of prolactin in 
serum was 1.0 pg/mL. Interassay and intra-assay CV 
was <10%.

Feed fed to lambs during the conditioning period 
and in subsequent tests was sampled daily before feed-
ing, composited for 7 d, and then prepared for chemi-
cal analyses. Feed samples were dried for 48 h at 60°C, 
ground using a Wiley Mill (1-mm mesh), and analyzed 
for CP (AOAC Int., 2002; method 990.03), NDF (with-
out the addition of sodium sulfide; Van Soest et al., 

Table 1. Crude protein, fiber, and plant secondary compound content (mean ± SD, DM basis) of the forages and 
supplements offered to lambs during the study
 
Item

CP,
g/100 g

ADF,
g/100 g

NDF,
g/100 g

CT,1
g/100 g

Ergovaline,
µg/kg

Pen trial – conditioning period
E+2 11.5 ± 1.17 40.8 ± 4.58 59.6 ± 6.40 – 100.2 ± 10.74
Sainfoin subperiod 1 13.2 ± 1.28 41.8 ± 3.91 48.7 ± 4.99 7.7 ± 0.53 –
Sainfoin subperiod 2 15.7 ± 1.87 29.9 ± 2.71 36.5 ± 4.68 3.0 ± 0.27 –
Beet pulp 9.8 ± 1.02 26.2 ± 3.20 38.1 ± 3.63 – –
Alfalfa pellets 15.6 ± 1.61 30.1 ± 3.77 41.0 ± 3.66 – –

Pen trial – preference between E–3 and orchardgrass
E– 9.4 ± 0.97 42.9 ± 5.31 61.7 ± 5.51 – Nondetectable
Orchardgrass 12.4 ± 1.57 40.3 ± 4.29 55.3 ± 5.67 – –

Grazing trial
E+ 12.0 ± 1.46 40.8 ± 4.01 60.2 ± 6.78 – 170.4 ± 19.15
Sainfoin 13.2 ± 1.34 41.2 ± 3.77 48.2 ± 4.48 7.6 ± 0.51 –

1CT = condensed tannins.
2E+ = endophyte-infected tall fescue.
3E– = endophyte-free tall fescue.
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1991), and ADF (using NDF residue; AOAC Int., 2002; 
method 973.18). Ergovaline concentrations in E+ and 
E– were determined according Rottinghaus et al. (1991), 
and condensed tannin concentrations in sainfoin were 
determined according to Terrill et al. (1992). Both anal-
yses were done on freeze-dried samples.

Preference between Endophyte-Free Tall Fescue 
and Orchardgrass. The day after conditioning ended, all 
lambs received ad libitum amounts of alfalfa pellets for 5 
d to minimize the differences that treatments could have 
promoted in the rumen environment. Aiken et al. (2001) 
observed that calves previously fed E+ for 66 d require 3 
to 4 d to return to a normal physiological condition.

The day after the washout period ended, all lambs re-
ceived a 2-choice test between E– and orchardgrass (novel 
forages for the lambs). The reason of feeding E– instead of 
E+ was to prevent lambs in SAIN and SAIN+PEG from 
associating tall fescue with the negative postingestive ef-
fects of alkaloids, which could have conditioned aversive 
responses (Aldrich et al., 1993). This in turn may have 
potentially affected lambs’ acceptance and preference for 
E+ in the ensuing grazing trial, attenuating the effects of 
the conditioning period on lambs’ foraging behavior.

Forages were harvested daily at 0730 h from the ex-
perimental pastures using a lawn mower (5 cm particle 
size), transported to the Green Canyon Ecology Center, 
and offered simultaneously to lambs from 0830 to 1030 
h. Intake of each forage was calculated as described be-
fore. Testing lasted 4 d. Each day, all lambs were fed 800 
g of alfalfa pellets immediately after the preference test.

Grazing Trial

The day after the pen trial ended all lambs were 
transported to the Utah State University pasture re-
search facility in Lewiston, UT, and fed alfalfa pellets 
ad libitum for 5 d. The aim of this washout period was 
to ensure that differences in grazing responses could be 
attributed to the treatments animals experienced during 
conditioning and not to the short-term effects of forages 
consumed before testing.

Because lambs are reluctant to forage in isolation 
(Sibbald and Hooper, 2004), pairs of lambs—blocked by 
weight—were formed within each treatment (6 pairs for 
CTRL and SAIN+PEG and 5 pairs for SAIN). Pairs were 
considered the experimental unit. Treatment SAIN had 1 
pair less than the other treatments because 1 lamb died 
during conditioning. Once formed, members of each pair 
(identified by a particular combination of colors painted 
on the lambs’ head and back) were always tested together. 
Pairs of lambs from each treatment were randomly penned 
in 2 holding pens (4.5 by 6.5 m) built under 2 protective 
roofs adjacent to the experimental pastures. Each pair of 
lambs was released to graze into a fenced experimental 

plot with a choice of strips of sainfoin and E+ (preference 
tests) or a monoculture of E+ (E+ acceptance tests).

Two 0.13-ha (11 by 116 m) adjacent (by the longer side 
of the rectangular area) experimental pastures were used 
for the grazing trial. One pasture contained a pure stand of 
E+ in vegetative stage whereas the other pasture contained 
a pure stand of sainfoin in early blooming stage. The for-
age in these paddocks accumulated since the pastures were 
cut to a uniform sward surface height early in the year (end 
of May) using a rotary swather and allowed for ad libitum 
consumption of lambs during the grazing trial.

Preference Tests: Choice between Endophyte-
Infected Tall Fescue and Sainfoin. Seventeen grazing 
plots were built using electric fence on half of the E+ 
pasture and on half of the adjacent sainfoin pasture such 
that each plot contained 1 strip of sainfoin and 1 strip 
of E+ of equal area. The size of plots ranged between 
43.6 and 63.7 m2, as the dimension of each plot was 
proportional to the average BW of the pair of lambs 
that grazed in the plot [0.825 m2/(kg BW·lamb)]. Plot 
location was assigned randomly to pairs of lambs. A 
rising plate meter was used to estimate the initial stand-
ing biomass in each paddock (Scrivner et al., 1986). 
Dry matter availability was 4.95 and 2.54 tons DM/ha 
in sainfoin and E+ pastures, respectively.

Every day, each pair of lambs was released from 
a holding pen to its corresponding grazing plot. The 
sequence of release for each pair into its plot was con-
stant across days. Release started at 0730 h and ended 
at 0745 h. Lambs were returned to their respective 
holding pens at 1130 h, following the same order of re-
lease. Then, all lambs were offered 1.3 kg/(lamb·d) of 
alfalfa pellets at noon. No other feed was offered until 
the next day. Testing lasted 7 d.

Forage samples of E+ and sainfoin were collected 
daily, combined, and analyzed for CP, NDF, ADF, ergo-
valine (E+), and condensed tannins (sainfoin).

The foraging behavior of each lamb in each pair was 
recorded at 2-min intervals (scan sampling; Altmann, 
1974) throughout the first 2 h of grazing, discriminat-
ing between grazing events on either E+ or sanfoin and 
nongrazing events. Observations were performed by 2 
observers from observation towers (4-m high) adjacent 
to one side of the experimental pastures. Preference for 
each species was calculated as the proportion of total 
number of scans in which lambs were grazing.

Daily foraging induced sward heterogeneity and bio-
mass depletion, which was a function of lambs’ foraging 
behavior. We assessed the intensity of E+ defoliation ac-
cording to methods described by O’Reagain and Grau 
(1995). For each plot, a single transect (6 m) was laid 
out from one corner to the opposite corner of E+. Twenty 
plants per plot were identified at regular intervals (ap-
proximately 30 cm) along the transect using numbered 
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and color-coded wire tags inserted into the ground. The 
day before each grazing test begun, the extended height of 
the tallest leaf of each marked plant was measured. Plants 
were thereafter measured on d 1, 3, 5, and 7 of each test at 
1400 h. Negative differences between 2 successive mea-
sures of height in a given plant were taken as indication of 
defoliation, which was used to compute the probability of 
being defoliated 1, 2, and 3 times. The proportion of plant 
material removed was calculated according to the formu-
la (Initial height – Final defoliation height)/Initial height.

Endophyte-Infected Tall Fescue Acceptance Tests. 
Seventeen grazing plots were built using electric fence 
in the remaining half of the E+ pasture that had not been 
previously grazed. Plot dimensions were proportional to 
the average BW of the lambs in each pair [0.413 m2/(kg 
BW·lamb)]. Initial standing biomass of E+ was 3.1 tons 
DM/ha. The grazing protocol and measurements were 
the same as described for preference tests, except that 
observations discriminated between grazing on E+ and 
nongrazing events. Testing lasted 7 d.

Statistical Analyses

Statistical analyses were performed using the R en-
vironment (R Development Core Team, 2012). For every 
case, a matrix of orthogonal contrasts was specified for 
each of the variables involved. In the case for treatment ef-
fects, this matrix contrasted the effects of CTRL vs. SAIN 
and SAIN+PEG vs. SAIN, allowing us to test sensible hy-
potheses. Mixed effects models were evaluated during a se-
lection process according to the procedure detailed in Zuur 
et al. (2009). Model diagnostics also included testing for 
normal distribution, homogeneity of variance, and linear-
ity. Least square means and standard errors were obtained 
with the “lsmeans” package (Lenth, 2012). We used the 
Tukey-Kramer honestly significant difference test (Ruxton 
and Beauchamp, 2008) to evaluate unplanned comparisons 
(e.g., CTRL vs. SAIN+PEG). When necessary, an angular 
transformation was used for proportion data.

Conditioning Period. Intake of E+ during condi-
tioning was analyzed using a mixed effects model (Pin-
heiro et al., 2012), which included treatment (CTRL, 
SAIN+PEG, and SAIN), day, subperiod (1 and 2), and 
treatment × subperiod interaction as fixed effects and 
lamb as random effect. The model was fitted with an au-
toregressive order-1 covariance structure (chi-squared 
test, P < 0.001) and variance heterogeneity was modeled 
with a potential function (chi-squared test, P < 0.001). 
Values for BW and ADG at the end of exposure were 
analyzed using a simple fixed-effects model in which 
initial BW was used as a covariate.

Rectal temperature was analyzed using a mixed ef-
fects model, which included treatment, day, and treat-
ment × day interaction as fixed effects and lamb as a 

random effect. Endophyte-infected fescue intake was 
incorporated in the model as a covariate because differ-
ences in intake can influence body temperature (Osuji, 
1974) in ways that may obscure interpretations of the 
model. Because E+ intake data were influenced by our 
treatments, before using E+ intake as a covariate, we 
checked for homogeneity of slopes, derived from the re-
lationship between the response variable and the covari-
ate at each level of the treatment factor (Logan, 2010). 
The model was fitted with an autoregressive order-1 co-
variance structure (chi-squared test, P = 0.022).

Blood parameters were analyzed with a fixed effects 
model with the initial observations used as covariates.

Preference between Endophyte-Free Tall Fescue 
and Orchardgrass. Intake and preference for endo-
phyte-free fescue and orchardgrass intake were ana-
lyzed using a mixed effects model including treatment, 
day, and treatment × day interaction as fixed effects and 
lamb as a random effect.

Grazing Trial. Data obtained from scan sampling 
were expressed as proportions and analyzed using a 
mixed effects model including treatment, day, and treat-
ment × day interaction as fixed effects and lambs nested 
within each pen as a random effect.

The probability of a plant being defoliated 1, 2, or 3 
times was analyzed using a binomial mixed effects mod-
el (Bates et al., 2012) including treatment as the fixed ef-
fect and pen as a random effect. Separate analyses were 
performed for each sampling day because we observed 
a strong heterogeneity of variances between sampling 
days. Defoliation intensity was also evaluated using 
separate analyses for each sampling day. In this case, a 
mixed effect model was used, allowing for treatment as 
a fixed effect and pen as a random effect.

RESULTS

Chemical Composition of the Forages
The chemical composition of the forages and supple-

ments is reported in Table 1. Tall fescue had greater con-
centration of fiber and lower concentration of CP than 
sainfoin. During subperiod 2, sainfoin had lower con-
centrations of fiber, greater concentrations of CP, and 
lower concentrations of condensed tannins than those 
in subperiod 1. No ergovaline was detected for E– and 
concentrations of this alkaloid were greater during the 
grazing trial than during the pen trial (Table 1).

Pen Trial – Conditioning Period

Endophyte-Infected Tall Fescue Intake. Inges-
tion of E+ showed a significant (P < 0.001) treatment 
× subperiod interaction (Fig. 1). No differences in 
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intake of E+ were detected between lambs in SAIN and 
those in CTRL (6.81 vs. 6.75 ± 0.93 g/kg BW, respec-
tively; means ± SEM, P = 0.967) or between lambs in 
SAIN+PEG and those in CTRL (P = 0.996) during sub-
period 1. However, E+ intake was greater for lambs in 
SAIN than for lambs in CTRL (9.37 vs. 6.50 ± 1.03 g/
kg BW, respectively; means ± SEM, P = 0.049) during 
subperiod 2. No differences in E+ intake were observed 
between lambs in SAIN and those in SAIN+PEG (9.37 
vs. 8.95 ± 1.05 g/kg BW, respectively; means ± SEM, 
P = 0.854) or between lambs in SAIN+PEG and those in 
CTRL (P = 0.124) during subperiod 2.

Body Weight. Lambs in CTRL, SAIN, and 
SAIN+PEG treatments had similar final BW (32, 31, 
and 31 ± 0.3 kg, respectively; means ± SEM, P = 0.194) 
and ADG (83, 61, and 59 ± 10 g/d, respectively; mean 
± SEM, P = 0.193).

Rectal Temperature. Rectal temperature was affected 
by the treatments (P = 0.041). Lambs in CTRL showed 
higher rectal temperatures than lambs in SAIN (39.97 vs. 
39.71 ± 0.07°C, respectively; means ± SEM, P = 0.019) but 
similar to lambs in SAIN+PEG (39.77 ± 0.07°C; mean ± 
SEM, P = 0.128). Lambs in SAIN and SAIN+PEG did not 
differ (P = 0.601) in rectal temperature. Average rectal tem-
perature fluctuated among days (P < 0.001; data not shown), 
and it was positively correlated (r2 = 0.116, P < 0.001) with 
mean air temperature (ranging from 31.7 to 36.7°C; Utah 
State University weather reports for North Logan, UT).

Complete Blood Cell Count. Results on blood 
cell counts are summarized in Table 2. No differences 
between groups regarding blood cell count were ob-
served at the beginning of the conditioning period (P 
> 0.05; data not shown). After the conditioning period, 
hemoglobin concentration was greater in SAIN and 
CTRL than in SAIN+PEG lambs (P = 0.006) whereas 
packed cell volume (PCV) was greater in SAIN than 
in SAIN+PEG (P  = 0.046). Lambs in SAIN showed 

reduced width of red blood cell distribution width 
when compared to lambs in SAIN+PEG and CTRL (P 
= 0.035). Lambs in SAIN had greater numbers of leu-
kocytes than CTRL and SAIN+PEG lambs (P < 0.001) 
and greater numbers of lymphocytes than lambs in 
CTRL (P = 0.033). The ratio between neutrophils and 
lymphocytes was greater in CTRL lambs than in SAIN 
or SAIN+PEG lambs (P = 0.007).

Blood Serum Biochemistry and Hormones Profile. 
Results on blood serum biochemistry and hormones pro-
file are summarized in Table 3. No differences between 
groups regarding these parameters were observed at the 
beginning of the conditioning period (P > 0.05; data 
not shown). Following the conditioning period, serum 
concentrations of the liver enzymes AST (P = 0.015) 
and GGT (P = 0.017) were greater in SAIN lambs than 
in CTRL lambs whereas the opposite pattern was ob-
served for ALP (P = 0.026). There were no differences 
in these parameters between lambs in SAIN and those in 
SAIN+PEG (P ≥ 0.463).

Blood urea nitrogen concentration was the highest 
for lambs in SAIN+PEG, intermediate for lambs in 
SAIN, and lowest for CTRL lambs (P < 0.001). To-
tal serum protein was higher in SAIN than in CTRL 
lambs (P = 0.006), due mainly to the difference in 
globulin concentration between both treatments 

Figure 1. Endophyte-infected tall fescue (E+) intake by lambs supplemented 
with sainfoin (SAIN), sainfoin and polyethylene glycol (SAIN+PEG), or not by 
lambs supplemented with fresh-cut sainfoin and beet pulp (SAIN), fresh-cut 
sainfoin plus polyethylene glycol mixed in beet pulp (SAIN+PEG), or beet pulp 
(CTRL; DM basis). Sainfoin was in full bloom stage or mid-vegetative stage in 
subperiods 1 and 2, respectively. Each value represents the mean of 12 animals. 
Vertical bars represent SEM. 

Table 2. Complete blood cell count of lambs fed endo-
phyte-infected tall fescue and supplemented with beet 
pulp (CTRL), fresh-cut sainfoin plus polyethylene gly-
col mixed in beet pulp (SAIN+PEG), or fresh-cut sain-
foin and beet pulp (SAIN)

 
Item

Treatment  
P-value

 
Ref.1CTRL SAIN+PEG SAIN SEM

RBC2 (× 106/μL) 13.1 12.5 13.1 0.18 0.065 9–15
Hemoglobin, g/dL 12.6a 12.2b 12.9a 0.12 0.006 9–15
Packed cell volume, % 34.7ab 33.8b 35.3a 0.45 0.046 27–45
Mean cell volume, fL 26.6 26.4 26.5 0.16 0.710 28–40
MCHC,3 g/dL 36.7 36.6 37.1 0.22 0.343 31–34
RDW4 18.4a 18.4a 17.9b 0.11 0.035 –
Leukocytes (× 103/μL) 9.0c 9.6b 10.3a 0.17 <0.001 4–12
Lymphocytes (× 103/μL) 6.1b 6.6ab 7.3a 0.22 0.033 2–9
Neutrophils (× 103/μL) 2.4 2.2 2.2 0.17 0.389 0.7–6
Monocytes (× 103/μL) 0.29 0.37 0.38 0.063 0.565 0–0.75
Basophils (× 103/μL) 0.09 0.07 0.06 0.015 0.255 0–0.3
Eosinophils (× 103/μL) 0.11 0.11 0.10 0.021 0.778 0–1
Platelets (× 103/μL) 461.3 522.0 481.1 24.74 0.186 250–750
Mean platelet volume 6.9 6.6 6.7 0.12 0.147 –
N:L5 0.39a 0.33b 0.30b 0.010 0.007 –

a,b,cWithin a row, means without a common superscript differ (P < 0.05).
1Ref. = reference; reference range values were taken from Merck (2012a).
2RBC = red blood cells.
3MCHC = mean corpuscular hemoglobin concentration.
4RDW = red blood cell distribution width.
5N:L = neutrophil:lymphocyte ratio.
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(P  =  0.009), whereas no differences in these param-
eters were observed between lambs in SAIN and 
lambs in SAIN+PEG (P ≥ 0.149). Serum prolactin 
was greater in SAIN than in CTRL lambs (P = 0.019) 
whereas cortisol was greater in CTRL lambs than 
in SAIN+PEG lambs (P = 0.008); no differences in 
both hormone concentrations were observed between 
SAIN and SAIN+PEG lambs (P ≥ 0.088).

Pen Trial – Preference between Endophyte-Free  
Tall Fescue and Orchardgrass

When lambs were offered a choice between E– and 
orchardgrass, they all displayed strong preferences for 
E– (0.87 ± 0.17, mean ± SD). There was a treatment × 
day effect (P = 0.027) and preference for E– was great-
er for lambs in SAIN than for lambs in SAIN+PEG on 
the last day of trial (Fig. 2; P = 0.014).

Lambs in SAIN showed a greater intake of E– than 
lambs in CTRL (6.43 vs. 4.01 ± 0.51 g/kg BW, respec-
tively; means ± SEM, P < 0.001; Fig. 2) whereas in-
take values displayed by lambs in SAIN+PEG (5.18 ± 
0.51 g/kg BW) did not differ from those displayed by 
lambs in CTRL (P = 0.685) or in SAIN (P = 0.946). 

Orchardgrass intake was not different among CTRL, 
SAIN, and SAIN+PEG treatments (P = 0.572).

Grazing Trial

Choice between Endophyte-Infected Tall Fes-
cue and Sainfoin – Scans. Averaged across days, all 
lambs showed a greater proportion of scans on sain-
foin than on E+ (0.87 ± 0.11 vs. 0.12 ± 0.11, respec-
tively; means ± SD). Lambs exposed to CTRL, SAIN, 
and SAIN+PEG spent the same proportion of scans 
foraging on E+ (0.11, 0.13, and 0.10 ± 0.04, respec-
tively; means ± SEM, P = 0.757) and on sainfoin (0.88, 
0.86, and 0.89 ± 0.02, respectively; means ± SEM, P = 

Table 3. Blood serum biochemistry and hormonal profile 
of lambs fed endophyte-infected tall fescue and supple-
mented with beet pulp (CTRL), fresh-cut sainfoin plus 
polyethylene glycol mixed in beet pulp (SAIN+PEG), or 
fresh-cut sainfoin and beet pulp (SAIN)

 
Item

Treatment  
SEM

 
P-value

 
Ref.1CTRL SAIN+PEG SAIN

ALP,2 U3/L 208.8a 168.3b 165.8b 11.55 0.026 27–156
AST,4 U/L 57.0b 65.9a 69.0a 2.76 0.015 49–123
GGT,5 U/L 43.2b 45.2ab 47.5a 0.95 0.017 20–44
Creatine kinase, U/L 93.5 121.7 123.0 9.65 0.054 7.7–101
BUN,6 mg/100 mL 6.5c 12.7a 10.5b 0.80 <0.001 10–26
Creatinine, mg/100 mL 0.83 0.77 0.79 0.024 0.157 0.9–2.0
Total protein, g/100 mL 5.5b 5.7ab 5.9a 0.08 0.006 5.9–7.8
Albumin, g/100 mL 2.9 2.9 3.0 0.03 0.743 2.7–3.7
Globulin, g/100 mL 2.6b 2.8ab 2.9a 0.07 0.009 3.2–5.0
A:G7 1.1a 1.1ab 1.0b 0.02 0.010 –
Total bilirubin, mg/100 mL 0.13 0.12 0.13 0.012 0.755 0.0–0.5
Triglycerides, mg/100 mL 15.9 16.1 16.2 1.42 0.984 –
Cholesterol, mg/100 mL 36.4 41.5 37.7 1.53 0.052 44–90
Prolactin, pg/mL 139.3b 180.5ab 210.5a 17.33 0.019 –
Cortisol, nmol/L 22.8a 13.1b 19.3ab 2.56 0.008 –

a,b,cWithin a row, means without a common superscript differ (P < 0.05).
1Reference range values were taken from Merck (2012c).
2ALP = alkaline phosphatase.
3U = Enzyme unit.
4AST = aspartate aminotransferase.
5GGT = gamma-glutamyl transpeptidase.
6BUN = blood urea nitrogen.
7A:G = albumin:globulin ratio.

Figure 2. Intake of and preference for endophyte-free tall fescue (E–) by 
lambs offered a choice between E– and orchardgrass (DM basis). Lambs were 
previously conditioned with endophyte-infected tall fescue supplemented 
with beet pulp (CTRL) or with endophyte-infected tall fescue supplemented 
with fresh-cut sainfoin and beet pulp (SAIN) or fresh-cut sainfoin plus 
polyethylene glycol mixed in beet pulp (SAIN+PEG). Each value represents 
the mean of 12 animals. Vertical bars represent SEM. For each day, *P < 0.05.
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0.889). Scans on E+ dropped significantly (P < 0.001) 
on d 2 of testing, remained constant the following 2 d, 
and increased on the last 3 d (P = 0.001; Fig. 3). Scans 
on sainfoin also showed a significant day effect (P = 
0.002). They increased on d 2 of testing (P < 0.001), 
remained constant the following 2 d, and decreased 
during the last 3 d (P = 0.007; Fig. 3).

Choice between Endophyte-Infected Tall Fescue 
and Sainfoin – Defoliation Intensity. The probability 
of a marked E+ plant being defoliated at least 1 time 
was similar among groups (P = 0.955) and was low 
at the end of testing (0.18, 0.21, and 0.18 ± 0.08, for 
CTRL, SAIN, and SAIN+PEG, respectively; means 
± SEM). The cumulative proportion of E+ removal 
was also low and similar between CTRL, SAIN, and 

SAIN+PEG lambs (0.03, 0.05, and 0.04 ± 0.03, respec-
tively; means ± SEM, P = 0.830).

Endophyte-Infected Tall Fescue Acceptance 
Grazing Tests – Scans. There was a treatment × day 
effect (P < 0.001). Lambs in SAIN+PEG had a greater 
proportion of scans on E+ than lambs in SAIN on d 2, 
4, and 5 of testing (P = 0.048, P = 0.014, and P = 0.001, 
respectively; Fig. 4). A greater proportion of scans on 
E+ was also observed for CTRL lambs than for SAIN 
lambs on d 1 of testing (P = 0.044), and differences 
disappeared during the remaining days of the tests (P ≥ 
0.310; Fig. 4).

Endophyte-Infected Tall Fescue Acceptance 
Grazing Tests – Defoliation Intensity. During d 3, the 
probability of a marked E+ plant being defoliated at 
least 1 time was greater for lambs in SAIN+PEG than 
for lambs in SAIN (P = 0.022; Fig. 5). During d 5 and 7, 
lambs in SAIN+PEG were also more likely to defoliate 
at least 2 times the same E+ plant than lambs in SAIN 
(P = 0.049 and P = 0.002, respectively; Fig. 5). During 
d 7, lambs in SAIN+PEG were more likely to defoli-
ate 3 times the same E+ plant than lambs in CTRL (P = 
0.030; Fig. 5).

The cumulative proportion of E+ removal was 
similar between CTRL, SAIN, and SAIN+PEG lambs 
(0.61, 0.64, and 0.66 ± 0.02, respectively; means ± 
SEM, P = 0.299). However, lambs in SAIN made a 
more intense defoliation of E+ than lambs in CTRL 
(P = 0.025) on d 3 of the tests whereas no differences 

Figure 3. Average proportion of scans by grazing lambs when they had a 
choice of sainfoin and endophyte-infected tall fescue (E+). Lambs were previ-
ously conditioned with endophyte-infected tall fescue supplemented with beet 
pulp (CTRL) or with endophyte-infected tall fescue supplemented with fresh-
cut sainfoin and beet pulp (SAIN) or fresh-cut sainfoin plus polyethylene glycol 
mixed in beet pulp (SAIN+PEG). Each value represents the mean of 6 (CTRL 
and SAIN+PEG) or 5 (SAIN) pairs of animals. Vertical bars represent SEM. 

Figure 4. Average proportion of scans by lambs when they grazed a 
monoculture of endophyte-infected tall fescue (E+). Lambs were previously 
conditioned with endophyte-infected tall fescue supplemented with beet pulp 
(CTRL) or with endophyte-infected tall fescue supplemented with fresh-cut 
sainfoin and beet pulp (SAIN) or fresh-cut sainfoin plus polyethylene glycol 
mixed in beet pulp (SAIN+PEG). Each value represents the mean of 6 (CTRL 
and SAIN+PEG) or 5 (SAIN) pairs of animals. Vertical bars represent SEM. 
For each day, *P < 0.05 and **P < 0.01.
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were observed between lambs in SAIN and lambs in 
SAIN+PEG (P = 0.393).

DISCUSSION

Intake of Endophyte-Infected Tall Fescue during the 
Conditioning Period

One of the predictions in the present study was that 
sainfoin supplementation would increase use of E+ by 
sheep. Results suggest that such positive effect of sup-
plementation was associated with sainfoin phenology. 
When sainfoin was at the flowering stage (subperiod 
1) intake of E+ was similar among treatments whereas 
when sainfoin was at the mid-vegetative stage (lower 
fiber and greater CP content; subperiod 2) lambs supple-
mented with the legume displayed greater consumption 
of E+ than controls. This response can be explained, at 
least in part, by the fact that increased ruminal distension 
in ruminants (e.g., due to the ingestion of high-fiber for-
ages such as sainfoin at the flowering stage) depresses 
feed intake (Villalba et al., 2009). This depression could 
have influenced the ensuing consumption of E+ in sain-
foin-supplemented animals relative to CTRL lambs that 
did not receive the legume. In addition, the greater con-
centration of tannins in sainfoin during subperiod 1 may 
have contributed to a reduction in E+ intake. Condensed 
tannins cause negative postingestive effects (Provenza 
et al., 1990) and greater concentrations of tannins in the 
supplement could have caused an anorectic response in 
sainfoin-supplemented lambs.

The supply of feeds or other forages to animals graz-
ing E+ typically reduces E+ intake by livestock (Daura 
and Reid, 1991; Hess et al., 1996; Elizalde et al., 1998). 
However, Lyman et al. (2011, 2012) showed that cattle 
graze more E+ after a 30-min period of grazing birdsfoot 
trefoil—a tannin-containing legume—than when they 
first graze E+ and then the legume. Likewise, lambs sup-
plemented with birdsfoot trefoil ate more E+ than unsup-
plemented animals (Owens et al., 2012). The increased 
use of E+ following supplementation with a tannin-con-
taining legume has been partially attributed to the inac-
tivation of alkaloids in E+ as a result of tannins binding 
with them in the gastrointestinal tract. The capacity of 
condensed tannins to precipitate alkaloids was original-
ly suggested by Bate-Smith and Swain (1962). Ensuing 
research showed stable complexes form between alka-
loids and tannins (Okuda et al., 1982; Charlton et al., 
2000). Nevertheless, in addition to the benefits of tan-
nins, ingestion of a legume (e.g., sainfoin) following a 
basal diet containing grasses (e.g., E+) may improve the 
balance of carbohydrates and protein in the diet (Rut-
ter, 2006). A better nutrition has the potential to increase 
E+ intake because of an improvement in fiber digestion 

Figure 5. Probability for a given plant of endophyte-infected tall fescue 
(E+) being defoliated for first, second, and third time by lambs previously 
conditioned with E+ and supplemented with beet pulp (CTRL) or with E+ 
supplemented with either fresh-cut sainfoin and beet pulp (SAIN) or fresh-
cut sainfoin plus polyethylene glycol mixed in beet pulp (SAIN+PEG). All 
lambs grazed a monoculture of E+. Sampling was initiated on the first day 
of the grazing trial and then it was repeated every 2 d. Each value represents 
the mean of 6 (CTRL and SAIN+PEG) or 5 (SAIN) pairs of animals. Vertical 
bars represent SEM. For each day, *P < 0.05 and **P < 0.01.
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and an increased likelihood of detoxifying alkaloids 
(Provenza et al., 2003), which provides an alternative 
explanation. The present study separated the potential 
benefits of tannins from those of nutrients provided by 
sainfoin at enhancing the use of E+ by sheep. Polyethyl-
ene glycol binds to condensed tannins (Jones and Man-
gan, 1977) and has been used to selectively neutralize 
tannins in livestock diets (Silanikove et al., 1994; Priolo 
et al., 2000). Polyethylene glycol-condensed tannin ra-
tios of 1:2 completely inactivate condensed tannins in 
sheep fed tannin-containing leaves of Ceratonia siliqua 
(Silanikove et al., 1994). Lambs in the SAIN+PEG treat-
ment consumed enough PEG (33 g) to neutralize all the 
tannins ingested with the sainfoin supplement. The fact 
that PEG neutralized condensed tannins in sainfoin in 
the present study is also evident by the greater BUN val-
ues observed in SAIN+PEG than in SAIN lambs. Poly-
ethylene glycol reduces the protective effects that tan-
nins have on the ruminal degradation of proteins (Wag-
horn et al., 1987). Ruminal microorganisms brake down 
proteins into ammonia, among other components, and 
ammonia concentration in the ruminal environment is 
reflected by BUN (Lobley et al., 1995). When PEG was 
present in the supplement, no differences in E+ intake 
were observed between lambs in SAIN+PEG and lambs 
in CTRL. In contrast, E+ intake was greater for lambs in 
SAIN than for lambs in CTRL during the same feeding 
period. Thus, these results suggest that condensed tan-
nins are at least partially involved in the positive effects 
of legume supplementation on E+ intake.

Physiological Parameters during the Conditioning 
Period

Sainfoin supplementation improved some physiolog-
ical parameters in lambs that are negatively affected by 
ingestion of E+. Moreover, the benefits of sainfoin were 
in some instances attenuated by supplementation with 
PEG, which binds tannins in the rumen, and further sup-
ports the benefits of condensed tannins at reducing the 
negative postingestive effects of E+.

Lambs in SAIN+PEG showed lower hemoglobin 
concentration and PCV than lambs supplemented with 
only sainfoin. Negative impacts on erythrocyte mor-
phology and composition (related to some forms of 
anemia) have been attributed to the low copper con-
centration typically found in E+ (Dennis et al., 1998). 
Copper is required for the proper formation of hemoglo-
bin and its deficiency can affect red blood cell param-
eters (McDowell, 1992). However, lambs in SAIN and 
SAIN+PEG had similar intake of E+ and yet lambs in 
SAIN+PEG displayed a greater degree of red blood cell 
heterogeneity. Alkaloids were shown to induce hemoly-
sis in sheep (Swick et al., 1983), which could contribute 

to the increased red blood cell heterogeneity commonly 
observed in animals suffering fescue toxicosis (Oliver 
et al., 2000). This may explain the greater degree of red 
blood cell heterogeneity in animals experiencing to a 
greater extent the negative impacts of E+ (CTRL and 
SAIN+PEG). However, results on hemoglobin and PCV 
related to fescue toxicosis are far from consistent among 
previous studies (Oliver et al., 2000) and further research 
is still needed to provide a more accurate explanation.

Sainfoin supplementation improved some immuno-
logical parameters such as the total number of leukocytes 
and lymphocytes relative to control lambs. Beef steers 
grazing E+ show reduced immunological response com-
pared to steers grazing low-endophyte fescue (Saker et 
al., 1998). Lambs in SAIN also showed greater globulin 
concentrations and a reduced albumin:globulin ratio than 
control lambs, which can be interpreted as a protective ac-
tion of sainfoin on the immune system (Oliver et al., 2000). 
Schultze et al. (1999) found that prolonged exposure to E+ 
specifically reduces α- and γ-globulin concentrations.

Reduced serum concentration of ALP is commonly 
observed in cattle fed E+ (Rice et al., 1997; Oliver et 
al., 2000). Unexpectedly, lambs in SAIN or SAIN+PEG 
showed decreased concentrations of ALP than lambs in 
CTRL. Nevertheless, ALP values of all lambs exceeded 
the normal range of reference values suggested for sheep. 
Sheep fed with the potent alkaloid swainsonine showed 
consistent increases in serum ALP (Taylor et al., 2000), 
which can be related to liver damage (Edrington et al., 
1995). Therefore, if ergot alkaloids in E+ impacted lambs 
through the same mechanisms as swainsonine, then a re-
duction in serum ALP in lambs offered sainfoin would 
be expected. Aspartate aminotransferase increased with 
sainfoin supplementation. Consistent with this, AST is 
greater in cattle fed low-endophyte fescue than in ani-
mals ingesting E+ (Brown et al., 2009). Lambs grazing 
a grass–clover pasture had greater AST than lambs graz-
ing a Brassica pasture with high concentration of glu-
cosinolates (Cox-Ganser et al., 1994). Finally, GGT was 
greater in SAIN than in CTRL lambs, and this increment 
exceeded the range of normal values. High activity of 
GGT can be a response to glutathione depletion caused 
by the oxidative stress generated in the liver by the inges-
tion of ergot alkaloids (Whitfield, 2001; Settivari et al., 
2008). Nevertheless, ingestion of tannins by lambs of-
fered sainfoin can also account for high GGT values not 
necessarily linked to hepatic toxicity (Frutos et al., 2004).

A reduction in serum prolactin is normally observed 
in animals suffering fescue toxicosis (e.g., Porter and 
Thompson, 1992; Oliver et al., 2000). Lambs fed with 
sainfoin showed greater prolactin than those not supple-
mented, and supplementation with PEG reduced the 
magnitude of this effect. This suggests an interaction 
between alkaloids and tannins, mainly because prolactin 
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concentrations are suppressed by the effects of alkaloids 
on the pituitary gland (Strickland et al., 1992). Prolac-
tin concentrations correlate with lymphocyte production 
and regulate the humoral and cellular immune response 
(Freeman et al., 2000), which may explain the reduced 
immunological profile of lambs in CTRL. However, im-
munity can also be affected by chronic stress (Davis et 
al., 2008) such as the ingestion of a toxic plant (Kron-
berg et al., 1993). Stress induces the activation of the 
hypothalamic–pituitary axis resulting in increased se-
cretion of cortisol from the adrenal gland (Harbuz and 
Lightman, 1992). Only lambs in SAIN+PEG showed 
a consistent reduction in cortisol when compared to 
lambs in CTRL. However, lambs in SAIN showed a 
lower neutrophil:lymphocyte ratio than lambs in CTRL, 
which can be interpreted as an indicator of lower levels 
of chronic stress for lambs in SAIN (Davis et al., 2008).

Ergot alkaloids affect animals’ thermal homeostasis 
because they are strong vasoconstrictors that obstruct 
heat dissipation through the skin (Strickland et al., 1993; 
Browning and Leite-Browning, 1997). High environ-
mental temperature induces hyperthermia in sheep fed 
endophyte-infected fescue seeds or noninfected seeds 
with added ergovaline (Gadberry et al., 2003). In the 
present study, according to the Livestock Conservation 
Institute (LCI, 1970) temperature–humidity index val-
ues during rectal temperature sampling were classified 
between danger and emergency (temperature–humidity 
index values ranging from 81 to 88; Utah State Univer-
sity weather reports for North Logan, UT). Supplemen-
tation of E+ with sainfoin reduced rectal temperatures 
(39.71°C for lambs in SAIN) while average rectal tem-
perature in CTRL (39.97°C) exceed the normal range of 
values for sheep (Merck, 2012b) suggesting heat stress. 
Even when the numerical difference seems small it has 
biological relevance; for example, ewes showing rectal 
temperatures above 39.9°C produced lambs of lower 
birthweight than ewes showing rectal temperatures be-
low 39.8°C (McCrabb et al., 1993). Moreover, the effect 
observed on rectal temperature was evident even when 
lambs in SAIN consumed similar or greater amounts of 
E+, the forage that induces hyperthermia.

Collectively, neutralization of tannins by PEG only 
attenuated some of the benefits induced by sainfoin 
supplementation. Therefore, even when tannins may be 
involved in ameliorating the negative physiological ef-
fects of ergot alkaloids, other variables such as the nu-
trients provided by the legume may contribute to that 
benefit. Nevertheless, legume supplementation did not 
affect ADG or final BW. It is likely that an extended ex-
posure to the treatments or a greater inclusion of E+ in 
the diet may be needed to detect an effect.

Foraging Behavior of Sheep  
following the Conditioning Period

During preference tests between E– and orchardgrass, 
lambs in SAIN showed a greater intake of E– than CTRL 
lambs. In contrast, intake of E– did not differ between 
SAIN+PEG and CTRL treatments. This suggests that 
sainfoin supplementation improved lambs’ experience 
with tall fescue, thus enhancing subsequent lambs’ con-
sumption of tall fescue in a choice test. Condensed tan-
nins were involved in this process since ingestion of PEG, 
a polymer that selectively inactivates tannins reduced 
intake of tall fescue. Sheep show greater intake of low 
quality (Villalba and Provenza, 1997) or toxin-contain-
ing feeds (Villalba et al., 2004; Baraza et al., 2005) when 
ingestion of these feeds is reinforced by nutrient supple-
mentation or by the interaction, and inactivation, of mul-
tiple toxins in the gastrointestinal tract. Lambs infused in 
the rumen with quebracho tannins selectively increase 
intake of and preference for E+ relative to control lambs, 
suggesting a reduced impact of alkaloids by tannin sup-
plementation (Lisonbee et al., 2009; Villalba et al., 2011).

When lambs grazed E+ and sainfoin during choice 
tests, all lambs spent most of their feeding time grazing 
sainfoin and all treatments used E+ to a similar extent. 
Therefore, when a nutritious legume was available ad 
libitum, prior experience with the different supplemen-
tation treatments explored in the present study did not 
have an influence on preference for E+. It is likely that 
lambs did not learn about the benefits of mixing sainfoin 
with E+ during conditioning or that different preferences 
acquired for E+ during that period were not manifested 
as a consequence of the presence of a more nutritious, 
and safe, legume. Therefore, in an ensuing test lambs 
were just offered E+ and its acceptance was assessed 
as a function of the lambs’ previous experiences dur-
ing conditioning. Lambs previously supplemented with 
SAIN+PEG showed the greatest use of E+. This re-
sponse may represent the ability of ruminants to adjust 
feed intake and preferences as a function of their previ-
ous experience with the concentration of toxins in feeds 
(Launchbaugh et al., 1993). For instance, lambs that 
were initially conditioned to consume oats with either 
a low, medium, or high concentration of lithium chlo-
ride (LiCl, a salty-tasting toxin) and then offered oats 
with the medium concentration of LiCl decreased, main-
tained, and increased intake, respectively (Launchbaugh 
et al., 1993). It is likely that due to the binding effects 
of condensed tannins on ergot alkaloids, lambs in SAIN 
experienced lower doses of ergovaline than those in the 
CTRL and SAIN+PEG treatments. However, when the 
protective effects of sainfoin were removed during the 
E+ acceptance tests, lambs in SAIN likely experienced 
an increased dose of toxins relative to the conditioning 
period. Consistent with the ingestive responses of lambs 
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conditioned to a low dose of LiCl and then offered a 
feed with a greater dose (Launchbaugh et al., 1993), 
lambs in SAIN reduced their intake of E+. This phenom-
enon is known as “successive negative contrast” and it 
was observed in ruminants changed from high-quality 
to low-quality forages (Catanese et al., 2011) or from 
low-tannin to high-tannin feeds (Bergvall et al., 2007). 
This negative contrast may have been attenuated in 
SAIN+PEG lambs, given that PEG reduced the positive 
effects of sainfoin supplementation, which may explain 
the greater use of E+ by this group. Lambs in CTRL ex-
perienced the negative postingestive effects of E+ since 
the beginning of the study and this could have led to an 
aversion that remained throughout the grazing trial.

Supplemental feeds or forages often decrease E+ in-
take and thus dilute the concentration of alkaloids in the 
diet. In contrast to this approach, supplemental tannin-
containing legumes such as sainfoin may contribute to 
increase the total amount of nutrients ingested while 
maintaining or enhancing the use of E+. Sainfoin sup-
plementation also improved some physiological param-
eters indicative of fescue toxicosis. These effects were 
in part influenced by condensed tannins in sainfoin, as 
the addition of a polymer that binds to tannins attenu-
ated some of these responses. Nevertheless, previous ex-
perience with sainfoin supplementation did not modify 
preference for E+ during grazing and it reduced accep-
tance when E+ was grazed in a monoculture.
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