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The Effect of Phytochemical Tannins-Containing Diet on Rumen Fermentation 

Characteristics and Microbial Diversity Dynamics in Goats Using 16S rDNA 

Amplicon Pyrosequencing 

 
B. R. Min, C. Wright, J.-S. Eun, N. Gurung, and R. Shange 

 

 
Objectives:  
The objective was to investigate concurrent changes in ruminal bacterial diversity and animal performance in goat 
response to plant tannins using a modern pyrosequencing approach. 
  
Procedures: 
Two grazing experiments were performed to 1) investigate the effects of supplementing condensed tannins-
containing pine bark powder on average daily gain, ruminal fermentation, and rumen microbial diversity dynamics 
(Experiment 1), and 2) to quantify the influence of different sources of extracted tannins supplementations on ruminal 
fermentation and rumen microbial diversity changes of goats grazing fresh forages (Experiment 2). In experiment 1, 
20 Kiko-Boer cross male goats (Capra hircus; initial body weight= 39.7 ± 2.55 kg) were randomly assigned to 2 
experimental diets (alfalfa pellet vs. pine bark powder). Alfalfa pellet (no tannin as a control) or pine bark powder 
(11% condensed tannins) was supplemented at 0.5% body weight for targeted total dry matter intake of 1.2% body 
weight. The remaining dry matter intake of each diet was obtained from grazing for 55 days. In experiment 2, 12 
Kiko-Boer cross goats were used to measure average daily gain, ruminal fermentation, and gut microbial population 
in the rumen of goats grazing bermudagrass. The animals were randomly assigned to 3 experimental diets: 1) no 
tannins (control), 2) chestnut extract at 100 g/d, and 3) quebracho tannin extract at 100 g/day. 
 
Results:  
In experiment 1, average daily gain and rumen fermentation status as measure of volatile fatty acids production were 
similar between diets. Bacterial population in pine bark powder-supplemented group was greater for Bacteroides 
(20.5 vs. 33.2%) and Firmicutes (67.2 vs. 57.3%) phylum compared with control group, respectively. In experiment 2, 
average daily gain was greatest (P < 0.05) for chestnut tannins extract (278.6 g/d) than quebracho tannins extract 
(150 g/d) and the control (42.9 g/d). Goats grazing bermudagrass pasture with chestnut tannins extract had greater 
(P < 0.05) concentrations of acetate, propionate, butyrate, and total volatile fatty acids compared to those in 
quebracho tannins extract and control. Bacterial population in chestnut tannins extract-supplemented group was 
greatest for Bacteroides (51.5, 52.9, and 35.3%) phylum compared with quebracho tannin extract and control group, 
respectively. Current study shows that tannins from plants can exhibit a positive or negative effect both on rumen 
fermentation and on rumen microflora, and it is possible that this effect is depending on sources of tannins or tannin-
containing diet. 
 
 
Impact:  
These results indicated that feeding pine bark or tannin extracts supplementation selectively reduced bacteria 
population and rumen fermentation. Using bTEFAP we have examined the microbiota in the feces of goat. Rumen 
microbial population is very dynamic and tannin inclusion impacts specific members of the microbial population. 
There is also possible adaptation of ruminal microbiota to tannin and beneficial effect of tannin on some class of 
rumen microbes has been observed. However, there is need for detailed study involving effect of varying 
concentration of tannins on rumen bacteria, archaea and fungal diversity of goats in response to ingestion of different 
sources of tannin-containing diet.. 

 



 

Grazing/Browsing Behavior and Distribution Patterns of Meat Goats 

confined in Small Plots 
 

Karki, U., D. Jenkins, N. Gurung, W. McElhenney, and A. Kumi 

 

Objectives:  

1. To determine the grazing/browsing behavior and distribution patterns of meat goats confined in small plots 
and  

2. To relate the grazing/browsing behavior and distribution patterns of meat goats with weather conditions and 
available forages. 

 

 

Procedures:  

The study was conducted at the research facility of Tuskegee University, Alabama within a two-acre plot with five 
virtual zones: Zone 1 was dominated with tall fescue and hairy vetch, and consisted of artificial shelter, tree shade, 
water supply, and mineral supplement; Zone 2 was dominated with briar; Zone 3 consisted of tall fescue and few 
browse; Zone 4 basically had tall fescue, and some browse; and Zone 5 dominated with browse species. Diurnal 
distribution patterns and grazing/browsing behavior of goats were observed for two consecutive days in March, April, 
May, and July 2014. Diurnal behavior was classified into five categories: grazing, browsing, lying, loafing, and staying 
in the shelter. Similarly, diurnal observation period was divided into morning (dawn-noon), early afternoon (noon-
3PM), and late afternoon (3PM-dusk).  Height of the ground vegetation was measured and available forage biomass 
was determined before bringing goats to the study plots. Before- and after-grazing vegetation change was monitored 
with the photographic technique. 
 

Results:  

Grazing was the dominant behavior of goats when weather was favorable and they were in zones with plenty of 
ground vegetation, but limited amount of browse species. However, browsing was the dominant behavior in zones 
with abundant browse species. When it was raining and goats were out of shelter, browsing was the dominant 
behavior. Irrespective of observation date and time, goats remained mostly in the zone where shelter, shade, 
watering facility, and mineral supplement were located. Weather conditions, available vegetation, and the location of 
facilities influenced the behavior and distribution patterns of goats. 
   

Impact:  

These findings can be very helpful for goat farmers in Alabama and other states with similar production conditions to 
improve pastures and grazing facilities for better land utilization and resource management. 

 

 



Performance of Selected Browse Species in the Greenhouse 
 

Khatri, R., U. Karki, J. Byrd, A. Kumi, L. Karki, and B. Min 

 
 

Objective:   

 

To assess the performance of selected browse species grown in the greenhouse. 
 

Procedures:   

Mulberry (Morus alba L.), White lead tree (Leucaena leucocephala Lam.), Bush Indigo (Amorpha fructicosa L.) and 
Mimosa (Albizia julibrissin Durazz) were planted in pots in the greenhouse facility of Tuskegee University in February 
2014. Seeds were used as planting material for all species except mulberry, for which stem cuttings were used. 
Plants were watered and fertilized as needed. Any disease and pest that attacked the plants were recorded, removed 
manually or brought the plants out of the greenhouse. In September 2014, plant height, stem diameter, and diameter 
of primary branches were measured.  
 

Results :  

Height (116.49±1.576 cm) and stem diameter (7.16±0.107 mm) were highest for white lead tree among the 
leguminous browse. Average stem (cutting) diameter of mulberry was (10.76±0.265 mm) with branch height ranging 
from 1 cm to 76 cm and diameter ranging from 0.31 to 17 mm. White flies (Trialeurodes vaporariorum Westwood), 
Cottony Cushion Scales (Icerya purchasi Maskell), and sooty mold (Ascomycete fungi) were the major pests that 
affected the plants. 
 

Impact:  

These plants are transplanted in the field and further study is ongoing. 

 
 

 



Soil Quality and Tree Parameters in a Newly-Developed Silvopasture System 
 

Byrd, J., U. Karki, R.  Khatri, A. Kumi, A. Elliott, and N. Gurung 

 
 

 
Objectives:  

To determine the initial soil quality and tree parameters in a newly-developed silvopasture system. 

 

Procedures: 

A silvopasture was developed by thinning down (3 plots, 1-acre each) the 8- year old mixed species of pines (loblolly, 
Pinus taeda and longleaf, Pinus palustris) and hardwood stand located at the Atkins Camp Site of Tuskegee 
University, Tuskegee, AL. Soil quality (compaction, pH, nutrient status, and organic matter) and tree parameters 
(height and diameter at the breast height (DBH) were measured after the stand was thinned and plots were tilled. 
 

Results:  

Among soil parameters, phosphorus was low (7lbs./acre), magnesium  high (57lbs./acre), pH low (5.2), median 
organic matter 2.4%, and average soil compaction was 84 ± 4.0 psi. The median number of trees per acre for loblolly 
and longleaf pine was 72 and 47 respectively. Both tree height (H) and diameter (D) at breast height were higher for 
loblolly (H: 23±.02 ft.; D: 5±0.1 in) than longleaf pine (H: 21±0.3 ft.; D: 4±0.1 in). 
 

Impact: 

This research is ongoing with the incorporation of selected cool-season and warm-season forages, and grazing those 
forages with meat goats. The expected results will be very useful for goat producers and professionals in the 
Southeast.  
 

 



Impact of Different Stocking Rates of Goats under Loblolly Pine Plantation on 

Occurrence of Understory Vegetation and Animal Productivity 
 

Howard, I., A. Kumi, N. Gurung, B. Min, A. Elliott, R. Davis, U. Karki and W. McElhenney 
 

Objectives: 

Objectives were to determine the changes in percent occurrence of different understory vegetation as well as litter, 
bare ground, pine needles and productivity of goats with varying stocking rates under loblolly pine plantation.  
 

Procedures: 

A randomized complete block design study was used on an 11 years old loblolly pine plantation in Epes, Alabama 
from July, 2011 to October, 2011.  Thirty-six Kiko crossbred male goat kids of 4 to 5 months of age were assigned to 
four treatments; 4 goats/acre, 8 goats/acre, and 12 goats/acre and each treatment was replicated three times. 
Changes in understory vegetation occurrence were determined to a height of 60 inches or less. The understory 
vegetation category included grasses, forbs, and young trees. The “others” category included litter, bare ground and 
pine needles.  
 

Results: 

Average daily gain (ADG) and blood urea nitrogen (BUN) were monitored for the grazing period. There was a linear 
decrease (P<0.05) in percent occurrence of grass and forbs with increasing stocking rates as grazing season 
progressed. In young tress, the control treatment increased by over 36.0% while the other treatments showed a 
decreasing trend. The effect on the other category was just the opposite of what was observed in young trees. There 
were no significant differences (P> 0.05) on ADG and BUN among treatments. The results indicate that the long-term 
effects of different stocking rates need to be evaluated before any inferences can be drawn. 
 

Impact: 

The locations serve as demonstration sites for silvopasture and undergrowth vegetation management for both 
Tuskegee University Cooperative extension agents and students for experiential learning. The locations serve as 
demonstration sites for silvopasture and undergrowth vegetation management for both Tuskegee University 
Cooperative extension agents and students for experiential learning. 

 

 



Use of Goats to Control Understory Vegetation in Longleaf Pine Stands. 
 

D. D. Bowie, A. S. Kumi, B. R. Min, W. H. McElhenney, U. Karki, R. C. Smith, A. W. 

Elliott, and N. K. Gurung 

 

Objectives: 

Prescribed burning is practiced routinely in longleaf pine stands to remove hardwood and shrub undergrowth. 
However, use of fire is becoming increasingly restricted due to environmental and liability concerns. Usage of goats 
as a means to manage understory vegetation provides a promising alternative. Objectives were to determine effects 
of stocking rates of goats on understory plant biomass height and quantity, soil characteristics, crown cover density, 
animal productivity, and damage to trees and tree growths 
 

Procedures: 

A 4.86 ha-stand with 1,112 longleaf pines (8 to 9 yr old/ha) was divided into twelve 0.40 ha plots at the McIntire 
Stennis Agro-Forestry Research Site, Tuskegee, AL. The vegetation can be described as longleaf pines with a 
variety of understory scrub oaks. Fifty-four mature Kiko wethers (initial body weight (BW) = 47.3 ±2.1kg) were 
allocated randomly to four treatments (0, 3, 6, or 9 goats/0.4 ha) with three replications per treatment for 10 week 
according to a completely randomized block design. Understory biomass height and quantity (measured within 0.25 
m2 quadrats), soil bulk density, crown cover densities, and animal productivity were analyzed using the GLM 
procedure of SAS and using the initial values as covariates. Tree damage and diameter at breast height at 1.37m 
were monitored. 
 

Results: 

Results showed that soil bulk density and soil compaction were similar among treatments (P>0.05). Similarly, plant 
biomass height and quantity were not significantly different (P> 0.05) among treatments. Average daily BW gains 
were similar (P = 0.76) but were all near zero. The combined final crown cover density percent at 2.0 m decreased 
linearly (P<0.05) with increasing stocking rates. Results suggested that increasing goat stocking density did not affect 
soil compaction or understory biomass but did reduce crown cover suggesting that goats may be used to manage 
understory vegetation under longleaf pines but more data is needed to validate the results. 
 

Impact: 

The results suggest that goats may be used to manage understory vegetation under longleaf pines but more data is 
needed to validate the results. 

 



B. Reproduction, Breeding, Genetics & Biotechnology 
 

The effects of Sire Breed on Reproductive and Progeny Performance in Kiko 

Meat Goats 

Henry Henderson and Chukwuemeka Okere 
Objective: 
The primary objective of this study was to examine the effects of different sire types (Boer vs. Kiko) on reproduction 
and performance of purebred Kiko dams as well as growth and health performance of their offspring. 

 
Procedure: 
Doe performance was analyzed by evaluating prolificacy (litter size), fecundity (fertility x prolificacy), and birth types 
(single, twins, or triplets). Progeny performance was evaluated for the effect of breed, gender, and litter size on 
weight, and average daily gain (ADG). A total number of 19 Kiko does were used in this study, 11 of which were bred 
to a Kiko buck and 8 to a Boer buck. 
 
Results 
Results revealed individual breed combination prolificacy values (1.9 and 1.75kids/doe) for the Kiko Sired Group and 
Boer Sired group respectively. There were non-significant sire differences for gestation length (150.38 ± 2.66 vs. 
147.64 ± 3.108 days, P=0.06) for Boer and Kiko respectively. Weights of Kiko dams assigned to Boer and Kiko sires 
at breeding were similar (45.63 ± 10.17 vs. 42.39 ± 6.91, kg, P=0.41). At weaning, dams breed to Boer and Kiko sire 
weighed the same (52.77 ± 14.64 and 42.76 ± 7.13, kg, P = 0.10). Litter size at birth and at weaning did not differ 
among sire breed (1.75 ± 0.46, P= 0.37 vs. 1.90 ± 0.30 and 1.50 ± 0.53 vs. 1.75 ± 0.46, P = 0.33) respectively. 
Boers sired kids were significantly heavier at birth but not at weaning (3.41 ± 0.48 vs. 2.78 ± 0.53 kg, P= 0.001 and 
13.82 ± 2.78 vs. 12.43 ± 3.47 kg, P = 0.26). This suggests a growth-improvement potential for progeny when utilizing 
Boer sires. Non- significant differences were observed for ADG (0.15 ± 0.03 vs. 0.13 ± 0.03 kg/d) for Boer and Kiko 
sired kids respectively. Birth and weaning weights were heaviest, although not significant (P >0.05) for male kids 
compared with female kids, and kid weights decreased (P > 0.05) with increasing litter size from singles to twins. Pre 
weaning kid mortality rates of kid were 69% and 73% for Kiko and Boer sired kids respectively. 

 
Impact 
Overall, results showed no consistent differences in reproduction and progeny performance traits between the main 
sire types used in this project. Since variation within sire type is greater than the variation between sire types, genetic 
selection should be focused on identifying the best sires within each sire type. 
 
 

  
 


