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Abstract 
Certain medicinal plants are known to have potent effects on egg hatching and 
larval motility of gastrointestinal nematodes (GIN) such as Haemonchus con-
tortus (barber pole worm). In this study, we investigated the impact of Panax 
notoginseng (P. notoginseng) extracts on the gut microbiome of goats, in 
comparison to Syzygium aromaticum and Piper nigrum when used as treat-
ments towards Haemonchus contortus (H. contortus). Using metagenomic 
analysis of rumen fluid and fecal samples, we observed significant alterations 
in the microbial community structure, specifically in the P. notoginseng treat-
ment group. Notably, several microbial taxa were significantly upregulated in 
treated animals. These findings provide a foundation for further research to 
identify and harness microbiome-mediated resistance to gastrointestinal nem-
atode (GIN) parasitism in goats. 
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1. Introduction 

Gastrointestinal parasitism poses major challenges to small ruminant production, 
especially in tropical, sub-tropical, and temperate regions worldwide, often result-
ing in substantial stock losses and economic hardship [1] [2]. Chemical anthel-
mintics, the current standard for parasite control, have led to widespread anthel-
mintic resistance due to overuse, and drug residues in food products pose addi-
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tional public health concerns [3]-[5]. As such, research into alternative manage-
ment options for helminth control is necessary. 

Previous in-vitro studies from our laboratory (unpublished) have demonstrated 
potent inhibitory effects of Panax notoginseng (P. notoginseng) and other medic-
inal plants on helminth egg hatching and larval motility [6]. However, the in-vivo 
effects—particularly on host microbiome and related parasite resistance—remain 
unclear. The gut microbiome plays a critical role in host immunity and resistance 
to parasite infection [7]. 

2. Objectives 

We report the effects of supplementation with Syzogium aromaticum, P. noto-
ginseng (NOTOGINSENG), and Piper nigrum on the goat gut microbiome, aim-
ing to identify microbial signatures associated with anti-parasitic benefits and to 
assess the potential for these botanicals in GIN parasite management programs. 

3. Materials and Methods 

3.1. Animals and Housing 

Thirty adult Spanish goats (Fecal Egg Count [FEC] 500 - 3000 EPG) were selected 
from the flock maintained at Langston University. After cessation of Bioworma® 
and an acclimation period, goats were weighed, randomly assigned to five groups 
(n = 6 per group), and balanced for initial FEC. Animals were housed individually, 
with free access to water and provided Johnson grass hay (25 g/kg BW/day) and 
low protein concentrate pellets (15 g/kg BW/day). 

3.2. Treatments 

Dried plant materials (Syzygium aromaticum, Piper nigrum, and Panax noto-
ginseng) were obtained commercially, ground into powder, and incorporated 
into molasses-based pellets and administered orally (50 g/animal/day) for 10 
consecutive days (Table 1). Control animals received pellets without plant addi-
tives (Table 1). An additional group received a 1:1:1 mixture of the three botan-
icals (Table 1). 

 
Table 1. The study was designed where group, number of subjects (goats), treatment types, 
the dose per animal per day of the total days of treatment are described. 

Group No. goats Treatment Doses Days of treatment 

1 6 Control   

2 6 Syzygium aromaticum 50 g/animal/day 10 days 

3 6 Panax notoginseng 50 g/animal/day 10 days 

4 6 Piper nigrum 50 g/animal/day 10 days 

5 6 ANN (1:1:1) 50 g/animal/day 10 days 
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3.3. Sampling and Laboratory Analyses 

Feed intake was assessed daily by subtracting orts from feed offered. Body weight 
was measured on days 0 and 10. Rumen fluid was collected by stomach tube on 
days 0 and 10 for microbiome analysis. Fecal samples were collected per rectum 
for FEC, egg hatching, and microbiome analyses. Parasitological methods in-
cluded: Fecal Egg Counts (FEC) using the modified McMaster technique [8]-[10]. 
Egg hatching and larval recovery were completed using standard coproculture and 
baermannization [11]-[13]. 

Metagenomic DNA extraction was performed using Norgen Biotek Microbi-
ome kits. DNA libraries were prepared (IDT xGen, NEB poly-A selection) and 
sequenced on an Illumina NovaSeq 6000 ([PE150], 20 M reads/sample). Bioinfor-
matics and Statistical Analysis included sequence analysis with Partek® Flow® and 
MiniKraken, PCA and differential abundance analyses (Kruskal-Wallis test) were 
performed. Power analysis (SAS) confirmed the adequacy of n = 6/group for > 
89% statistical power. 

4. Results 
4.1. Experimental Design and Power Analysis 

A sample size of 6 goats per treatment was found adequate (power > 89%) to de-
tect expected FEC difference based on prior studies. 

4.2. Microbiome Profiling 

When treatment controls were compared to those that were treated with NOTO-
GINSENG following infection with Haemonchus contortus. No significant overall 
change was observed when pooling treatment groups versus control, except when 
comparing the NOTOGINSENG treatment group versus the control. Comparison 
of treatment samples with the NOTOGINSENG group revealed significant micro-
biome shifts. Differential abundance showed Kruskal-Wallis testing of 1137 
points between control and NOTOGINSENG groups revealing 33 significantly 
upregulated taxa, no downregulated taxa, 409 inconclusive, and 695 insignificant 
findings (Figure 1, Table 2). 
 
Table 2. Significantly upregulated microbial flora when Control vs NOTOGENENG are 
compared. 

Feature ID P-value Fold change 

Helicobacter sp. MIT 01-6242 0.000024 2 

Fischerella sp NIES-4106 0.00078 2 

Frischella perrara 0.00078 2 

Spiroplasma apis 0.00078 2 

Stenotrophomonas maltophilia 0.0029 16 

Pseudodesulfovibrio piezophilu… 0.03 2 

…(see full Table 2 for additional taxa)   
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Figure 1. Volcano plot resulting from differential analyses using Kruskall-Wallis points of 
the presence of microbial organisms. 

5. Discussion 
P.notoginseng supplementation resulted in significant changes to the microbiota 
not observed in goats treated with S. aromaticum or P.nigrum. Increased abun-
dance of Helicobacter sp. MIT 01-6242 (an organism linked to ulceration in sea 
otters and known for antibiotic sensitivity) was recorded [14]. Fischerella sp 
NIES-4106 is a strain of cyanobactera that is not responsible for parasitic activity, 
but may be upregulated as a response to parasitic infection causing a range of 
symptoms caused by parasites [15]. Like Fischerella sp NIES-4106, Frischella per-
rara, is notably elevated in treated goats, it is known to be a dominant immuno-
modulator in honeybees, and may be involved in igniting the inflammation 
caused by GIN [16] [17]. Spiroplasma apis is another revealed microorganism that 
appears to be upregulated when a host is infected by a parasite such as H. contor-
tus [17]. The substantial modulation of microbial communities, points to P. no-
toginseng as a promising candidate for further study as a means of microbiome-
mediated GIN control. The observed microbial communities are potentially con-
ducive to anti-parasitic effects, possibly enhancing host immunity or antagonizing 
parasite establishment. 

6. Conclusion 
P. notoginseng supplementation produced the most notable impact on goat gut 
microbiota among the botanicals studied. Several upregulated taxa have known or 
hypothetical roles in immunological and gastrointestinal health. These results sug-
gest a microbiome-medited mechanism for parasite resistance and support the po-
tential of P. notoginseng in sustainable parasite control programs for ruminants. 
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