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Tropical plant supplementation effects on the performance and 
parasite burden of goats

Juan J. Romero1,2,a, Miguel A. Zarate1,a, Ibukun M. Ogunade1,3, Kathy G. Arriola1, and Adegbola T. Adesogan1,*

Objective: Examine the effects of supplementing bahiagrass hay (BG) with potentially anthel­
mintic quantities of hays of perennial peanut (PEA) or sericea lespedeza (LES) or seeds of velvet 
bean (Mucuna pruriens L.; MUC) or papaya (PAP) on the intake and nutritive value (Experiment 
1), and the performance and parasite burden (Experiment 2) of goats.
Methods: In Experiment 1, 38 male goats (27.4±5.7 kg body weight) were randomly assigned to 
each of 5 treatments: i) BG alone and BG plus; ii) PEA; iii) LES; iv) MUC; and v) PAP. Goats were 
fed for ad libitum consumption and adapted to the diets for 14 d followed by 7 d of measurement. 
The PEA, LES, MUC (50%, 50%, and 10% of the diet dry matter [DM], respectively), and PAP 
(forced-fed at 10 g/d) were fed at rates that would elicit anthelmintic effects. In Experiment 2, 
goats remained in the same treatments but were allocated to 15 pens (3 pens per treatment) from 
d 22 to 63. All goats were infected with parasites by grazing an infected bahiagrass pasture from 
0800 to 1500 h daily and then returned to the pens.
Results: Dry matter intake tended to be greater in goats fed PEA and LES than those fed BG 
(757 and 745 vs 612 g/d, respectively). Digestibility of DM (59.5% vs 54.9%) and organic matter 
(60.8% vs 56.0%) were greater in goats fed MUC vs BG, respectively. In Experiment 2, feeding 
PAP, LES, and PEA to goats reduced nematode fecal egg counts by 72%, 52%, and 32%, reduced 
abomasal adult worm counts by 78%, 52%, and 42%, and decreased plasma haptoglobin concen­
trations by 42%, 40%, and 45% relative to feeding BG alone, respectively. 
Conclusion: Supplementation with PEA, LES, and PAP decreased the parasite burden of goats 
but did not increase their performance. PAP was the most effective anthelmintic supplement.
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INTRODUCTION

The US goat industry has become an important livestock enterprise because of the high ethnic 
minority demand for chevon [1]. However, successful goat production requires proper control of 
gastrointestinal nematodes (GIN) and coccidian species, such as Haemonchus contortus (H. 
contortus) and Eimeria spp., respectively. H. contortus, is the main cause of ill health and low pro­
ductivity in grazing goats in tropical and subtropical regions [2]. Haemonchosis is characterized 
by anemia, extreme weakness, loss of condition, and eventually death [3]. On the other hand, 
coccidian subclinical infections can also cause production losses for the small ruminant producer 
due to enteric disease that results in diarrhea, low weight gains, and occasionally death [4]. Econo­
mic losses arising from decreased production due to the infection, the costs of prophylaxis and 
treatment, and the death of infected animals amount to millions of dollars per year in the US [5]. 
  The effectiveness of anthelmintic treatments is a major determinant of the productivity of goats. 
Yet, nematode parasites of goats have become more resistant to anthelmintic drugs in recent years 
and have become a major concern to small ruminant producers in the Southeast of the United States 
and worldwide [6]. Consequently, natural feed supplements have been investigated as alternative 
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treatments and control strategies. For instance, tannin-rich sericea 
lespedeza (Lespedeza cuneate [Dum-Cuors] G. Don; LES) reduced 
GIN parasite burdens in goats [7] and velvet bean (Mucuna pru­
riens L. [M. pruriens L.]; MUC) paralyzed intestinal worms in 
lambs [8]. Papaya (Carica papaya L.; PAP) also inhibited the 
growth of H. contortus in ewes [9] because of the benzyl isothio­
cyanate it contains. Boosting the immune system of goats by 
feeding protein-rich legumes such as perennial peanut (Arachis 
glabrata Benth.; PEA) or LES may also aid in reducing parasite 
burdens in goats. However, only a few studies have simultaneously 
compared nutritional antiparasitic approaches to those dependent 
on bioactive secondary compounds in plants in goats. Therefore, 
the objective of this study was to investigate the effects of supple­
menting bahiagrass hay (Paspalum notatum Flügge; BG) with 
potentially anthelmintic quantities of hays of PEA or LES or seeds 
of MUC or PAP on the feed intake, digestibility, N balance, rumi­
nal fermentation, performance, parasite burden, and health of 
goats.

MATERIALS AND METHODS

Forages and seeds
A 6-wk regrowth of BG (cv. Pensacola) and a primary growth of 
PEA (cv. Florigraze) were harvested from established stands at the 
University of Florida Beef Research Unit, Gainesville, FL, USA and 
stored in a hay barn as 440-kg round hay bales. The LES hay (cv. 
AU Grazer) and MUC (cv. Aterrima) and PAP (cv. Criolla) seeds 
were purchased from producers (New Bern, NC, USA; Orlando, 
FL, USA; and Lima, Peru, respectively).

Location, housing, and weather
The experiment was conducted at the University of Florida Sheep 
Unit (Gainesville, FL, USA) and it lasted for 120 d (December 
2011 to April 2012). In Experiment 1, goats were housed in meta­
bolism cages (100×40×80 cm) adapted for urine collection inside 
an open-sided barn. In Experiment 2, goats were housed in an 
open-sided barn with 15 pens of 20 m2 each fitted with concrete 
floors and automatic water troughs. Access to a bahiagrass pas­
ture was available next to the barn. During both experiments, the 
mean temperature and relative humidity were 15.5°C and 78.7%, 
with minima of 8.4°C and 38% and maxima of 23.5°C and 98% 
[10].

Animals and treatments
All animal procedures were approved by the University of Florida 
Institutional Animal Care and Use Committee. In Experiment 
1, 38 Boer×Spanish×Kiko castrated male goats (27.4±5.7 kg body 
weight [BW]) were treated for coccidiosis with amprolium (Corid, 
Merial, GA, USA; 5 mg/kg BW) and dewormed with albenda­
zole (Valbazen, Zoetis, NJ, USA; 10 mg/kg BW) and moxidectin 
(Cydectin, Boeringer Ingelheim, Ingelheim, Germany; 0.4 mg/kg 
BW). After confirming all goats had low GIN fecal egg counts 

(FEC, <50 eggs/g) and coccidian fecal oocyst counts (FOC, <50 
eggs/g), goats were weighed for 2 consecutive days, stratified by 
BW and randomly assigned to each of 5 treatments: i) BG hay 
alone; ii) BG hay plus PEA hay; iii) BG hay plus LES hay; iv) BG 
hay plus MUC seed; and v) BG hay plus PAP seed. All treatments 
had 8 replicate goats except PAP, which had 6 goats. Goats were 
fitted with canvas feces collection bags and fed for ad libitum con­
sumption (110% of the previous day intake) in 2 equal allotments 
at 0800 and 1600 h and animals had access to water at all times. 
Goats were adapted to the diets for 14 d before the 7 d measure­
ment period. The treatments were fed at levels that reflected their 
potential to reduce the parasite burden via direct anthelmintic 
effects of bioactive components, indirect anthelmintic effects due 
to improved nutrient supply and hence improved immunity or 
a combination of both factors. The PEA and LES hays were 50% 
of the diet dry matter [DM], MUC was 10% of the diet DM, and 
PAP was provided at 10 g/d. The MUC, PEA, and LES were also 
fed at levels that would supply similar amounts of supplemental 
protein. The inclusion level of PAP was based on recommended 
levels (Carcelen, F. and Camacho, J. Personal communication) 
for controlling GIN without adversely affecting animal health. 
PAP was orally dosed by gavage to ensure complete consump­
tion but the other supplements were fed. Also, 18 g/head/d of a 
mineral mix was thoroughly mixed with the concentrate before 
feeding (United Salt Corp., Ranch House Trace Mineralized Salt, 
Houston, TX, USA). The mineral mix contained 88% NaCl, 2.5% 
Ca, 1% S, 1,500 mg/kg Fe, 3,000 mg/kg Mn, 2,500 mg/kg Zn, 25 
mg/kg Co, 150 mg/kg Cu, 90 mg/kg, and 10 mg/kg Se. 
  Experiment 2 was designed to measure treatment effects on 
the growth, parasite burden and health of goats. It was started on 
d 22 and it lasted for 63 d. Goats continued under the same treat­
ments as in Experiment 1 but were allocated to a total of 15 pens 
that consisted of 3 pens per treatment (2 to 3 goats per pen). All 
goats were naturally infected with parasites by allowing them to 
graze an adjacent bahiagrass pasture infected with L-3 stage larvae 
of GIN and coccidia infective oocysts from 0800 to 1500 h daily 
and then returned to the pens where the same diets as in Experi­
ment 1 were offered for ad libitum consumption (110% of the 
previous day intake). The dietary treatments were hand-mixed 
and offered in the same feeder at 0800 and 1600 and supplemented 
with a mixture of corn (Zea mays) and soybean meal (Glycine 
max) containing 15.4% crude protein (CP) and 84.5% total di­
gestible nutrients at a rate of 150 g/head/d. Water was provided 
ad libitum and 18 g/head/d of a mineral premix (United Salt Corp., 
Ranch House Trace Mineralized Salt, Houston, TX, USA) was fed.

Sampling and analysis
In Experiment 1, samples of each feed were taken daily during 
the 7-d measurement period and daily refusals were weighed and 
stored. Total fecal and urine output were collected daily from each 
goat, weighed, and a 10% subsample was stored (–20°C) for fur­
ther analysis. Goats were weighed and blood sampled by jugular 
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venipuncture on day 0 and 21. A Vacutainer tube (BD, Franklin 
Lakes, NJ, USA) containing sodium heparin anticoagulant was 
used to collect approximately 20 mL of whole blood from each 
goat and the tubes were stored on ice. The blood was centrifuged 
at 1,920×g for 20 min at 4°C to separate the plasma, which was 
decanted and stored at –20°C until analyzed. Ruminal fluid was 
collected from 30 randomly selected goats (6 per treatment) on d 
21 by aspiration from orally-inserted stomach tubes 3 h after the 
morning feeding. A representative (100 mL) sample was analyzed 
immediately for pH (Accumet, model XL 25, Fischer Scientific, 
Pittsburg, PA, USA) and acidified with 9.0 M H2SO4 to pH 2, cen­
trifuged for 30 min at 4°C and 2,795×g, and frozen (–20°C) for 
subsequent analysis.
  Samples of feed were dried at 60°C for 48 hours in a forced air 
oven and ground to pass through a 1-mm screen in a Wiley mill 
(Arthur H. Thomas Company, Philadelphia, PA, USA). Samples 
were analyzed for ash by combustion in a muffle furnace at 600°C 
overnight [11]. Total N concentration was determined by the 
Dumas combustion method [11] using a Vario MAX CN Macro 
Elementar Analyzer (Elementar Analysensysteme GmbH, Hanau, 
Germany) and used to calculate CP concentration (CP = total N× 
6.25). The neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) concentrations [12] were determined using an ANKOM 
200 Fiber Analyzer (Ankom, Macedon, NY, USA). Samples were 
also analyzed for acid detergent lignin (ADL) according to Van 
Soest et al [12]. Amylase was used for NDF analysis but sodium 
sulfite was not and the results were expressed inclusive of residual 
ash. The 3,4-dihydroxy-L-phenylalanine (L-dopa) in MUC was 
analyzed by high-performance liquid chromatography (HPLC) 
with UV detection using the method of Siddhuraju and Becker 
[13]. Phenolic compounds in LES were extracted as described 
by Terrill et al [14] and proanthocyanidins were quantified as 
described by Buran et al [15] with an Agilent 1200 HPLC system 
consisting of a binary pump, an autosampler, and a fluorescence 
detector (Agilent Technologies, Palo Alto, CA, USA). A Pheno­
menex Luna 5u silica column (250×4.60 mm, 5 μm) with a silica 
pre-column security guard cartridge was used for the separation 
of proanthocyanidins. The binary mobile phase consisted of (A) 
methylene chloride:methanol:water:acetic acid (82:14:2:2, v/v/v/v) 
and (B) methanol:water:acetic acid (96:2:2, v/v/v). The column 
temperature was set at 37°C. Epicatechin was used as the external 
standard to quantify proanthocyanidins. The quantity of benzyl 
isothiocyanate in PAP was analyzed via gas chromatography 
coupled with electron impact (EI) – mass spectroscopy. Briefly, 
a 0.5 μL portion of a methanol solution of the PAP extract was 
injected into a Trace GC Ultra gas chromatograph (Thermo Sci­
entific, Waltham, MA, USA) equipped with a 30-m Stabilwax-DA 
column (Restek Corporation, Bellefonte, PA, USA). The column 
temperature was held at 50°C for 1 min, and then heated at 30° 
per min to 260°C. The eluent underwent electron impact ioniza­
tion and the ions were detected with a DSQ quadrupole mass 
spectrometer (Thermo Scientific Electron Corporation, Madison, 

WI, USA).
  The volatile fatty acids (VFA) in ruminal fluid were measured 
using the method of Muck and Dickerson [16] and a HPLC system 
(Hitachi LaChrom Elite, Tokyo, Japan) coupled to a UV detector 
(Hitachi L-2400, Japan) set at 210 nm. The column was a Bio-
Rad Aminex HPX-87H (Bio-Rad laboratories, Hercules, CA, 
USA) with 0.015 M H2SO4 mobile phase and a flow rate of 0.7 
mL/min at 45°C. Ruminal fluid ammonia-N concentration was 
determined by an ALPKEM auto analyzer (ALKPEM Corpora­
tion, Clackamas, OR, USA) and an adaptation of the Noel and 
Hambleton [17] procedure that involved colorimetric quanti­
fication of N. Plasma glucose and blood urea nitrogen (BUN) 
concentration were measured using adaptations for a Technicon 
Autoanalyzer II (Bran-Luebbe, Elinsford, NY, USA) of methods 
of Gochman and Schmitz [18], and Coulombe and Favreau [19].
  In Experiment 2, samples of each feed, jugular blood, and feces 
were taken weekly during the 63-d experiment and stored for 
further analysis. Approximately 3 mL of blood plasma were col­
lected, processed, and stored as described in Experiment 1. Fecal 
samples (approx. 4 g) were collected directly from the rectum, 
transported on ice, and immediately analyzed for FEC and FOC 
with the modified McMaster procedure [20]. Goat BW was mea­
sured for 2 consecutive days at the beginning and end of the 9-wk 
experiment and subsequently averaged; interim full BW was 
recorded weekly. Plasma haptoglobin concentrations were de­
termined by measuring haptoglobin/hemoglobin complexing 
based on differences in peroxidase activity [21]. Goats were moni­
tored for evidence of haematophagous worm burden using the 
FAMACHA eye chart [22]. On d 63, goats were slaughtered at 
a USDA approved abattoir and adult worms in their abomasums 
were counted using a dissecting microscope [23].

Statistical analysis
A completely randomized design with 8 replicate goats per treat­
ment (except PAP, n = 6) was used to determine effects of the 5 
treatments on the feed intake, digestibility, N balance, and rumi­
nal fermentation in Experiment 1. The model for analyzing the 
animal measurements included the effect of treatment and goat 
(random effect). For the forage nutritional composition data, the 
model included the effect of treatment and the replicates were the 
7 daily samples collected during the experimental period. Data 
were analyzed with the MIXED procedure of SAS v 9.3 (SAS Inst., 
Inc., Cary, NC, USA) and Fisher’s F-protected Least Significance 
Difference test was used for mean separation.
  A randomized complete block design with 3 experimental 
units (pens) per treatment was used to determine effects of the 
5 treatments on the performance, parasite burden, and health of 
goats in Experiment 2. The model for analyzing animal measure­
ments included treatment, pen (random term), time (repeated 
measure) and treatment×time effects. Data were analyzed with 
the MIXED procedure of SAS v 9.3 (SAS Inst., Inc., Cary, NC, 
USA) and Fisher’s F-protected Least Significance Difference test 
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was used for mean separation. The covariance structure with the 
least Akaike information criterion was chosen for each repeated 
measure analysis performed. The slice command was used to 
detect differences between treatments at specific time points. For 
all data, the distribution of residuals was examined for normality 
using the normal probability, quantile-quantile, and predicted 
mean plots options of SAS. The FEC and FOC data were log trans­
formed. Significance was declared at p<0.05, and only significant 
interaction effects were discussed. Tendencies were declared at 
p>0.05 and ≤0.10.

RESULTS AND DISCUSSION 

Experiment 1
The experiment was conducted from January to April, when GIN 
parasite infection levels are less than those in the summer and 
fall [24].
  Nutritional composition of diets: Among the hays, PEA had 
slightly lower (p<0.01) DM and organic matter (OM) concen­
trations than BG and LES but CP concentrations were greater in 
the legumes (Table 1). In contrast, NDF concentration was greater 
in BG (p<0.01), followed by LES and PEA. Concentration of ADF 
was greater in LES (p<0.01), followed by PEA and BG. The meta­
bolizable energy (ME) was calculated based on feed composition 
[25, 26] and was greater in PEA (p<0.01), followed by LES and 
BG (p<0.01). Among the seeds, PAP had greater DM, CP, NDF, 
ADF, ash, and ADL and lower OM and ME concentrations com­
pared to MUC (p<0.01). Concentrations of the bioactive condensed 
tannins (proanthocyanidins), L-dopa, and benzyl isothiocyanate 
in the lespedeza hay, mucuna seeds, and papaya seeds were within 
normal ranges of 8.7% to 18.1% [27], 2.2% to 5.4% [28], and 2 

to 687 mg/kg [29], respectively. 
  The DM, OM, and NDF values of BG hay were similar to those 
in other studies on tropical grasses [30]. However, the CP con­
centration was higher than observed in Foster et al [30] but similar 
to those reported by McCornick et al [31]. The relatively high CP 
value for BG hay is attributable to the fact that it was harvested 
in the fall as values for bahiagrass harvested in the summer at a 
similar regrowth interval (6 wk) are typically lower. The high CP 
concentration of the BG would have reduced comparative bene­
fits of the supplementary treatments on average daily gain (ADG). 
Similar chemical composition to previous reports was observed 
for PEA [30], LES [27], MUC [32], and PAP [33].
  Intake, digestibility and nitrogen balance: Dry matter intake 
(DMI) tended (p = 0.11) to be greater in goats fed PEA and LES 
than those fed BG but intakes of OM and NDF did not differ 
among treatments (Table 2). The N intake tended (p = 0.07) to 
be greater in goats fed PEA, LES, and MUC than in those fed BG 
alone. Legume supplementation tended (p = 0.07) to increase N 
intake due to the greater CP concentrations of PEA, LES, and 
MUC vs BG. These results were consistent with previous reports 
on legume supplementation of grass-based diets [30]. Despite 
having the greatest CP concentration, N intake was not increased 
by PAP due to the small amount of PAP supplemented (10 g/d). 
The ADL intake was greater in goats (p<0.01) fed LES and PEA 
than the other treatments due to the relatively high concentra­
tions of ADL in the hays.
  Apparent digestibilities of DM and OM were greater (p<0.01) 
in goats fed MUC than BG (Table 3) perhaps reflecting a greater 
supply of fermentable carbohydrates for microbial growth by the 
starch in MUC [32]. The NDF digestibility tended (p = 0.07) to 
be less in LES than in MUC and BG. This is partly attributable 
to the greater ADL intake on the LES diet as high lignin concen­
trations limit forage digestibility. The N digestibility was greater 
(p<0.01) in MUC and PEA diets than LES, BG, or PAP. Studies 
have shown that M. pruriens supplementation has increased N 
intake and retention, weight gain and milk production in rumi­
nants [34]. Supplementation with PEA hay has also increased N 
digestibility and retention in lambs [30]. Tannins in LES may have 
contributed to the low NDF and N digestibility of the LES diet 

Table 1. Chemical composition of the bahiagrass (BG), perennial peanut (PEA), 
sericea lespedeza (LES) hays, mucuna (MUC), and papaya (PAP) seeds fed to goats (n 
= 7)

Measure BG PEA LES MUC PAP SEM p-value

DM (%) 90.2b 89.1a 89.9b 90.4b 92.9c 0.3 < 0.01
OM (% of DM) 94.6c 91.8b 95.4d 96.2e 90.8a 0.1 < 0.01
NDF (% of DM) 72.8e 51.9c 60.9d 13.5a 32.3b 0.4 < 0.01
ADF (% of DM) 34.7c 36.6d 46.1e 8.7a 27.3b 0.2 < 0.01
CP (% of DM) 12.4a 14.3b 14.6b 28.5c 30.0d 0.1 < 0.01
N (% of DM) 1.9a 2.2b 2.3b 4.4c 4.7d 0.01 < 0.01
Ash (% of DM) 5.4c 8.2d 4.6b 3.8a 9.2e 0.1 < 0.01
ADL (% of DM) 5.1c 9.4d 17.6e 0.3a 1.9b 0.3 < 0.01
ME (MJ/kg of DM) 8.4e 10.6c 9.7d 14.5a 12.6b 0.03 < 0.01
Proanthocyanidins  
  (% of DM)

ND ND 11.4 ND ND NM -

Benzyl isothiocyanate  
  (mg/kg of DM)

NM NM NM NM 438 NM -

L-dopa (% of DM) NM NM NM 3.4 NM NM -

SEM, standard error of the least squares means; DM, dry matter; OM, organic matter; 
NDF, neutral detergent fiber; ADF, acid detergent fiber; CP, crude protein; N, nitrogen; 
ADL, acid detergent lignin; ME, metabolizable energy [25,26]; ND, not detected; NM, 
not measured.
a-e Means within a row with different superscripts differ (p < 0.05).

Table 2. Effects on intake of dry matter (DMI), organic matter (OMI), neutral 
detergent fiber (NDFI), nitrogen (NI), and acid detergent lignin (ADLI) in goats 
resulting from supplementing bahiagrass (BG) hay with perennial peanut (PEA), 
lespedeza (LES) hay, or mucuna (MUC) or papaya seeds (PAP)

Measure  
  (g/d) BG PEA LES MUC PAP SEM p-value

DMI 612 757 745 627 627 89 0.11
OMI 580 710 702 596 593 89 0.15
NDFI 458 506 523 408 472 66 0.18
NI 12 16 15 15 12 2 0.07
ADLI 32a 50b 65c 28a 32a 7 < 0.01

SEM, standard error of the least squares means.
a-c Means within a row with different superscripts differ (p < 0.05).
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as they form indigestible complexes with protein and carbohy­
drates that reduce digestibility [35]. No differences in N retention 
were detected among treatments (p = 0.87) because of the rela­
tively high CP concentration of BG, the small differences in N 
intake among treatments and the similar N losses in urine and 
feces (Table 4; p>0.07).
  Ruminal fluid fermentation indices: Goats fed MUC had a lower 
(p<0.01) ruminal pH than all other goats (Table 5). Ruminal 
ammonia-N concentration was greatest (p<0.01) in goats fed 
MUC, followed by PEA and LES, whereas goats fed BG had the 
least value. Proportions of acetic (A), propionic (P), butyric, iso­
butyric, isovaleric, and valeric acids, total VFA concentration, and 
A:P ratio were not different among dietary treatments (p>0.13). 
  The total VFA concentrations were at the lower end of the 
normal range (100 to 120 mM) in forage fed ruminants partly 
due to the relatively low digestibilities of the diets. Ruminal pH 
was more acidic in goats fed MUC likely reflecting the greater 
starch ingestion and fermentation on the MUC diet as starch 
concentrations of MUC range from 27% to 31% [32], whereas 
they are typically less than 10% in the other ingredients that were 
fed [36]. Though lower than others, the ruminal pH of goats fed 
MUC was within the range (6.2 to 7.2) required to maintain normal 
cellulolytic activity in the rumen [37,38]. Legume supplemen­
tation resulted in greater ruminal ammonia-N concentrations 
because it tended to increase N intake compared to BG and PAP 
and most of the protein present in legumes is rumen-degradable. 
For maximum microbial N production in the rumen, an ammonia 
concentration of at least 5 mg/dL is recommended, though the 
limiting concentration is approximately 2 mg/dL [39]. Feeding 
MUC provided sufficient ammonia for optimizing microbial N 
synthesis and feeding the other supplements ensured the concen­
trations were not limiting. Feeding BG alone resulted in insufficient 
ammonia-N for optimizing microbial N synthesis.
  Blood urea nitrogen and plasma glucose: There were no differ­
ences in BUN or plasma glucose concentration among the treat-
ments (Table 5; p>0.31) but the respective values were within the 
normal physiological ranges (8 to 20 and 50 to 80 mg/dL, respec­
tively; [40]). The fact that supplementation with PEA, LES, and 
MUC increased ammonia-N but not BUN suggests that fermen­
table energy supply from these diets was adequate in relation to 

the effective ruminally degradable protein supplied.

Experiment 2
FEC, FOC, and abomasal adult worm counts: Interactions be­
tween treatment and week were observed for both FEC and FOC 
(Table 6; p<0.02). As expected, FEC values started to increase 
after approximately 3 weeks of exposure to GIN [41]. From wk 
3 to 5 and 8 to 9, goats fed BG and MUC had higher FEC than 
the other treatments (Figure 1). After wk 3, goats fed PAP con­
sistently had lower values than those fed other treatments except 
LES. Values for goats fed PAP and LES were similar except at wk 
5, 6, 8, and 9, when values for PAP were lower. Goats fed PEA 
had lower FEC than those fed BG at wk 3, 4, 5, 8, and 9. In the 
case of FOC, goats fed MUC had higher counts than those fed 
BG from wk 1 to 6 (Figure 2) but those fed PAP and PEA, had 
lower values than BG from wk 4 to 9. Goats fed LES only had 
lower FOC than those fed BG in wk 7 to 9. Across the experi­
mental period, goats fed PAP and LES reduced FEC (p<0.01) by 
72% and 55%, respectively relative to those fed BG (Table 6), 
whereas feeding PEA caused a numerical reduction (p>0.05; 
32%). For FOC, goats fed PAP, PEA, and LES had fewer (p = 0.02) 

Table 3. Effects on in vivo apparent digestibility of dry matter (DMD), organic matter 
(OMD), neutral detergent fiber (NDFD), and nitrogen (ND) in goats resulting from 
supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, 
or mucuna (MUC) or papaya seeds (PAP)

Measure (%) BG PEA LES MUC PAP SEM p-value

DMD 54.9ab 56.5bc 53.1ab 59.5c 51.1a 1.8 < 0.01
OMD 56.0ab 57.9bc 53.8ab 60.8c 52.1a 1.7 < 0.01
NDFD 62.8 59.4 56.4 61.5 59.8 1.8 0.07
ND 50.5a 58.9b 49.0a 61.2b 49.7a 1.8 < 0.01

SEM, standard error of the least squares means.
a-c Means within a row with different superscripts differ (p < 0.05).

Table 4. Effects on nitrogen (N) balance in goats resulting from supplementing 
bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna 
(MUC), or papaya seeds (PAP)

Measure (g/d) BG PEA LES MUC PAP SEM p-value

N intake 12.4 15.5 15.2 14.6 12.4 2.0 0.07
Fecal N output 5.6 6.2 7.3 5.5 5.8 0.8 0.07
Urinary N output 2.8 5.0 3.4 4.4 3.1 1.0 0.12
Retained N 4.2 4.2 4.6 4.7 3.7 0.9 0.87

SEM, standard error of the least squares means.
All means were not significant (p > 0.05).

Table 5. Effects on ruminal fermentation indices, blood urea nitrogen (BUN) and 
plasma glucose concentrations in goats resulting from supplementing bahiagrass (BG) 
hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya 
seeds (PAP)

Measure BG PEA LES MUC PAP SEM p-value

Ruminal pH 7.0b 6.7b 6.7b 6.3a 6.8b 0.1 < 0.01
Ammonia N (mg/dL) 1.2a 3.5b 3.5b 6.3c 1.7ab 0.8 < 0.01
Total VFA (mM) 89.2 100.1 88.0 95.2 98.4 11.7 0.92
Acetate (A, mM) 63.8 68.1 61.6 66.0 70.1 8.2 0.95
Propionate (P, mM) 19.2 22.7 18.9 19.3 20.2 3.4 0.94
Iso-butyrate (mM) 0.4 0.3 0.6 0.9 0.4 0.2 0.13
Butyrate (mM) 5.0 7.6 5.9 7.1 5.7 1.2 0.49
Iso-valerate (mM) 0.5 1.6 1.3 1.0 1.2 0.6 0.70
Valerate (mM) 0.1 0.2 0.1 0.2 0.3 0.1 0.50
A:P 3.6 3.5 3.7 3.6 3.6 0.5 0.99
BUN (mg/dL) 13.2 15.8 13.1 14.6 12.9 1.2 0.31
Plasma glucose  
  (mg/dL)

70.0 61.6 62.9 65.6 63.5 2.1 0.64

SEM, standard error of the least squares means; VFA, volatile fatty acids; BUN, blood 
urea N.
a-c Means within a row with different superscripts differ (p < 0.05).
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counts than those fed MUC, but similar values to those fed BG 
when averaged across the experimental period. Feeding MUC did 
not affect abomasal adult worm counts (p = 0.69) but feeding PAP, 

LES, and PEA (p<0.001) reduced their presence in the aboma­
sum by 78%, 52%, and 41%, respectively, vs BG (Table 6).
  Relative to values for BG, the higher CP concentrations of LES 

Table 6. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on gastrointestinal (GIN) fecal egg 
count (FEC), coccidian fecal oocysts count (FOC) and abomasal adult worm counts

Measure BG PEA LES MUC PAP SEM
p-value

Treatment Week Treatment×week

FEC (eggs/g) 541bc 370ab 244a 739c 152a 83.3 < 0.01 < 0.01 < 0.01
FOC (oocysts/g) 1,235ab 725a 1,031a 2,120b 497a 315.9 0.02 < 0.01 0.02
Adult worm counts 3,066c 1,798b 1,462b 2,934c 690a 269 < 0.01 NA NA

SEM, standard error of the least squares means; NA, not applicable.
a-c Means within a row with different superscripts differ (p < 0.05).

Figure 1. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on gastrointestinal fecal egg 
counts (FEC). Treatment×time, p<0.05. Error bars are standard errors. * Counts at the week specified differed (p<0.05).
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Figure 2. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on coccidian fecal oocysts counts 
(FOC). Treatment×time, p<0.05. Error bars are standard errors. * Counts at the week specified differed (p<0.05) and ** counts at the week specified tended to differ (p<0.1).
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and PEA would have increased their nutritional status and possibly 
made the goats more resilient to the parasites [42]. Furthermore, 
the presence of proanthocyanidins (i.e. condensed tannins) in 
LES (11.4% of DM, Table 1) may explain the superior anthelmintic 
effects of LES relative to PEA. The LES proanthocyanadin con­
centration in this study was higher than the range observed (4.8% 
to 9.5%) by Muir et al [43] for the same variety grown in the south­
eastern U.S. However, tough the condensed tannin extraction 
procedure as the same for this present study and that of Muir et 
al [43], proanthocyanadins were measured as condensed tannins 
with a spectrophotometer-based technique by Muir et al [43] 
rather than the HPLC-based technique used in this study. Several 
studies have reported that LES intake reduced FEC and larval 
development in small ruminants. Intake of LES has also reduced 
the adult worm burden by up to 78% [44] and decreased adult 
female fecundity in the abomasum and small intestine of goats. 
In contrast, no published studies showing anthelmintic effects 
of PEA were found in the literature though its nutritional bene­
fits are well documented [30]. More research is required to support 
these findings and to determine the optimal level of PEA supple­
mentation for controlling GIN in goats.
  The most effective treatment against FEC and abomasal adult 
worm counts in this study was PAP. Previous studies demonstrated 
the anthelmintic efficacy of papaya extracts or seeds against GIN 
in sheep [45]. This effect has been attributed to compounds in 
PAP such as alkaloids carpaine and carpasemin or to cysteine 
proteases or benzyl isothiocyanate. Based on chromatographic 
quantification of these compounds and anthelmintic tests, benzyl 
isothiocyanate was reported to be the major source of the anthel­
mintic activity in papaya seeds [46]. Because benzyl isothiocyanate 
is potentially toxic, goitrogenic, carcinogenic, and mutagenic, 
great care is needed to prevent an overdose with papaya seeds 
in ruminants. Previous reports in animals and humans suggest 
that non-lethal amounts should be between 1 to 6.2 g of seeds/d 
or 56 to 112 mg/kg of BW according to the species [47]. However, 
doses of up to 15 g/head/d are typically used in some parts of 
South America (Fernando Carcelén, personal communication). 
In this study, the dose of 10 g/head/d was used to maximize the 
anthelmintic potential and no adverse effects of this dose on 
voluntary intake, growth, or health of the goats was observed. 
This daily dose supplied 4.38 mg of benzyl isothiocyanate to each 
goat in the study (Table 1).

  Few studies have examined the effect of the supplements used 
in this study on coccidian infections. Lin et al [48] also reported 
that FOC in goats were reduced by feeding leucaena (Leucaena 
leucocephala), which contains 0.51% to 1.60% of DM condensed 
tannins. Condensed tannins may explain why supplementation 
with LES decreased FOC, FEC and abomasal adult worm counts 
in this study. However, since the PEA in this study did not have 
detectable levels of condensed tannins, the reductions in parasite 
counts may be due to indirect beneficial effects of the improved 
nutritional status on the immunity of the goats.
  Previous studies revealed that papaya leaves exhibited anti­
coccidian properties [49]. This study indicates that papaya seeds 
can also be strategically used to decrease coccidian FOC in goats. 
Future research should confirm these findings and examine the 
optimal dietary inclusion rate of PAP for this purpose.
  Although MUC have relatively high CP concentrations (25% 
to 35% of DM) and feeding MUC at 24% of the diet DM reduced 
FOC scores in lambs [50], MUC did not reduce FEC or FOC in 
this study. This may be because of differences in the variety and 
inclusion rates of MUC in both studies. The reason for increased 
FEC and FOC when feeding MUC at certain periods in the trial 
is unknown but it may be related to antinutrients in MUC such as 
the L- dopa. Although 53% of mucuna L-dopa can be ruminally 
degraded, residual amounts may be sufficient to compromise the 
immune response as in non-ruminants [51]. This may have facil­
itated the growth of GIN and coccidia in the parasitized goats. 
Anthelmintic properties of MUC may be confined to trichomes 
of MUC which contain mucunaine, a cysteine protease that may 
damage intestinal nematodes [52] and thus control GIN infec­
tions. Future studies should examine the effects of feeding MUC 
trichomes and seeds at different dietary inclusion levels on GIN 
and coccidian parasite burdens.
  Measures of anemia and the acute phase immune response: 
There were no differences in hematocrit values and FAMACHA 
scores among treatments (Table 7), indicating that treatments 
did not affect anemia indices. Previous studies reported that GIN 
infections and the attendant anemia can generally be alleviated 
by feeding sufficient supplementary protein [41]. Goats received 
150 g of corn and soybean concentrate as well as forages that 
contained at least 12% CP daily during the evaluation period. 
Therefore, the high protein concentration of the diets likely pre­
vented anemia. 

Table 7. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on hematocrit, FAMACHA scores 
and plasma haptoglobin concentrations of goats

Measure BG PEA LES MUC PAP SEM
p-value

Treatment Week Treatment×week

Hematocrit (%) 25.4 24.6 24.9 23.8 26.1 1.3 0.56 0.14 0.87
FAMACHA score 1.36 1.42 1.34 1.31 1.06 0.18 0.65 0.53 0.79
Haptoglobin, arbitrary units 0.055c 0.030a 0.033ab 0.040b 0.032a 0.003 < 0.01 < 0.01 < 0.01

SEM, standard error of the least squares means.
a-c Means within a row with different superscripts differ (p < 0.05).
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  Haptoglobin is a hemoglobin-binding protein, which can be 
used to monitor activation of the acute phase response during an 
infectious disease, to assess the health status of cattle or to identify 
immunocompromised animals. Goats fed BG had the greatest 
haptoglobin concentrations on average, whereas those fed PEA 
and PAP had the lowest values. Nevertheless, effects of treatments 
on haptoglobin concentration varied with time (p<0.01; Figure 
3). Mean haptoglobin concentrations were similar from wk 0 to 
3 and 5, after which those of goats fed BG increased dramatically 
and remained greater than those of other goats till the end of the 
trial. Goats fed MUC also had greater haptoglobin concentra­
tions than others in the last 3 weeks of the trial. Therefore, goats 
fed BG and MUC, which had the greatest FEC counts, also had 
greater haptoglobin concentrations. This suggests that greater 
levels of parasitism in the goats compromised their health and 
elicited an inflammatory response against the infection. In con­
trast, due to the anthelmintic effect of PEA, PAP, and LES no 
inflammatory response was elicited when they were fed and 
consequently they did not have elevated haptoglobin concen­
trations.

  Animal performance: Goats fed PAP, PEA, and LES had greater 
DMI (p<0.01; Table 8) than those fed BG and those fed MUC had 
intermediate values. Higher FEC and abomasal adult worm counts 
were also detected for BG and MUC relative to the other treat­
ments. As previously reported, the associated anorexia reported 
in parasitized animals is the major factor affecting performance 
[53]. 
  There were no differences among treatments in initial or final 
BW, ADG, or gain:feed ratio among treatments (p>0.23), which 
may be related to the supply of sufficient CP for growth in all 
dietary treatments as well as the relatively low level of GIN infec­
tion in the study. The experiment was conducted from January 
to April, when GIN parasite infection levels are less than those 
in the summer and fall. Future experiments should examine the 
anthelmintic effects of the supplements tested in this study against 
severe cases of GIN parasitosis in the summer.

CONCLUSION

Feeding MUC increased digestibility of DM, OM, NDF, and N 

Figure 3. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on plasma haptoglobin 
concentrations. Treatment×time, p<0.05. Error bars are standard errors. * Counts at the week specified differed (p<0.05).
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Table 8. Effects of supplementing bahiagrass (BG) hay with perennial peanut (PEA), lespedeza (LES) hay, mucuna (MUC), or papaya seeds (PAP) on the performance of goats

Measure BG PEA LES MUC PAP SEM
p-value

Treatment Week Treatment×week

DMI (g/head/d) 617a 730bc 750c 661ab 775c 52 < 0.01 < 0.01 0.11
DMI (% of BW) 2.26a 2.72b 2.78b 2.37a 2.62b 0.20 < 0.01 < 0.01 0.51
Initial BW (kg) 27.2 26.8 26.2 26.8 27.7 3.69 0.74 NA NA
Final BW (kg) 30.2 29.9 30.8 30.9 32.5 3.60 0.54 NA NA
ADG (g/d) 47 50 73 66 69 11 0.23 NA NA
Gain:feed ratio 0.55 0.47 0.68 0.70 0.69 0.12 0.39 NA NA

SEM, standard error of the least squares means; DMI, dry matter intake; BW, body weight; NA, not applicable; ADG, average daily gain.
a-c Means within a row with different superscripts differ (p < 0.05).
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but did not reduce GIN infection or increase the performance 
of goats. Feeding PAP, PEA, and LES increased DMI but did not 
increase the performance of goats. Nevertheless, PAP, LES, and 
PEA reduced abomasal adult worm counts by 78%, 52%, and 41%, 
respectively. In particular, this study confirmed that LES is an 
effective anthelmintic against GIN but is less effective against 
coccidia. Perhaps for the first time, this study showed that PEA 
could be used to decrease the GIN and coccidia burden of small 
ruminants. More research is needed to confirm the efficacy of 
using PEA as a dewormer and to determine the optimal inclu­
sion rate in small ruminant diets. PAP was the most effective 
anthelmintic treatment in this study and it is readily available in 
tropical and subtropical regions. This factor and the low dose re­
quired for efficacy indicates that PAP may be a promising natural 
antiparasite for controlling GIN and coccidia infections. Future 
research should determine the optimal doses and relative eco­
nomic value of using PAP, PEA, and LES as antihelmintics and 
investigate their long-term effects on small ruminants and other 
species.
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