
Agric. Food Anal. Bacteriol. •  AFABjournal.com  •  Vol. 5, Issue 3 - 2015       153

www.afabjournal.com
Copyright © 2015

Agriculture, Food and Analytical Bacteriology

ABSTRACT

Phytochemical plant tannins (condensed and hydrolysable tannins) are one of the most abundantly avail-

able plant secondary metabolites. These plant tannins have potential to significantly impact rumen fermen-

tation, rumen microbiota population changes, nutrient digestibility and animal production. The objective 

of this study was to determine whether the phytochemical tannin-containing sericea lespedeza leaf pellet, 

ground pine bark, or its combination would have effects on rumen fermentation and microbial diversity in 

meat goats. Twenty four Kiko-crossbreed intact male goats (Capra hircus; BW= 38.6 ± 2.7 kg) were random-

ly assigned to four treatments (n = 6): 1) 30% bermudagrass hay and 70% grain mix, 2) 30% pine bark (PB) 

and 70% grain mix, 3) 30% sericea lespedeza (SLP) and 70% grain mix, and 4) 15% PB, 15% SL pellet, and 

70% grain mix. Goats supplemented with mixed diets had decreased (P < 0.05) concentrations of acetate, 

while goats received PB diet exhibited reduced concentrations of isobutyrate (P < 0.001), isovalerate (P < 

0.01), and valerate (P < 0.01) acids compared to those in the control and SLP diets.  In this study, Bacteroi-

des (30 to 55%) and Firmicutes (30 to 47%) were the major bacterial phyla, while Prevotella spp. was the 

most predominant rumen bacterial species in the percentage of 22.1, 42.2, 28.9, and 23.9 for control, PB, 

SLP, and mixed diets, respectively. The community of rumen bacterial species in PB-supplemented group 

was greater for Marinifilum spp. (P < 0.04), Bacteroides spp. (P < 0.02), and Oribacterium spp. (P < 0.03) 

compared with other treatment groups. Supplementing tannins in goat diets such as PB and SLP diets has 

a potential to positively modify rumen bacterial community, but there were no synergistic effects on rumen 

fermentation.  
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INTRODUCTION

The rumen hosts a diverse, dynamics and varied 

microbial community, dominated mainly by bacte-

ria, protozoa, archaea, fungi and viruses. This micro-

biome plays a significant role in modulating host’s 

immune system, body growth, and rumen biomass 

degradation (Russell and Rychlik, 2001). Therefore, 

altered rumen metabolism is directly concomitant 

to the rumen microbial community (Min et al., 2003; 

2014a). However, there have been limited studies 

concerning molecular technology sequence data 

of rumen bacteria with fermentation patterns in re-

sponse to feeding diets containing different sources 

of tannins or its mixture.

Plant tannins [condensed (CT) and hydrolysable 

tannins (HT)] are one of the most abundantly avail-

able plant secondary metabolites and have posi-

tive or adverse effects on rumen microbiota, nutri-

ent digestibility and animal production (Min et al., 

2003). A few studies have provided evidence for the 

relationship between the tannin-containing diets 

and rumen bacterial community. Recently, Min et al. 

(2014b) have shown that supplementation of chest-

nut plant tannin extract in grazing goats notice-

ably inhibited growth of rumen Firmicutes, whereas 

growth of Bacteroides members of the group was 

greatly enhanced compared with a control alfalfa 

hay. Moreover, a grazing study in goats with a CT-

rich pine bark powder diet [11% CT on dry matter 

(DM)] showed that Proteobacteria were the most 

dominant phylum, and this gut microorganism was 

linearly decreased with increasing CT-rich diet sup-

plementation (Min et al., 2014b). It has been shown 

that the gastrointestinal microbial population was 

dominated by Prevotella (18.2% of total popula-

tion) in the rumen and Clostridium (19.7% of total 

community) in the feces of cattle (Callaway et al., 

2010). The rumen microbial community is dynamic 

and reflects the effect of tannin in diet with an in-

crease and decrease in selective microbial com-

munity. However, there is a need for detailed study 

involving effect of CT-containing diets on rumen mi-

crobiota of goat in response to ingestion of differ-

ent sources of CT-containing diets. In our study, the 

reason to use a combination of two different CT-rich 

diets, instead of single diet, was to examine the pos-

sibility that some phenolic metabolites derived from 

mixed diets, may have synergistic effects on ruminal 

fermentation and microbial diversity, resulting in op-

timization of beneficial effects of CT on microbial 

physiology in the rumen. Thus, our objective was to 

investigate concurrent changes in rumen microbiota 

and ruminal fermentation patterns in goat due to 

plant CT using a modern pyrosequencing approach.

MATERIALS AND METHODS

Care and handling of all experimental animals 

were conducted under protocols approved by the 

Tuskegee University Institutional Animal Care and 

Use Committee. 

Experimental animals and diets

Twenty four Kiko-crossbreed intact male goats 

(Capra hircus; initial body weight = 38.6 ± 2.7 kg) 

were randomly assigned to one of four treatments 

(n = 6): 1) 30% bermudagrass hay and 70% grain mix, 

2) 30% pine bark (PB; Pinus taeda L.) and 70% grain 

mix, 3) 30% sericea lespedeza (Lespedeza cuneate; 

SLP) leaf pellet and 70% grain mix, and 4) 15% PB, 

15% SL pellet and 70% grain mix. The grain mix 

consisted of 70% commercial concentrate premix 

(Noble goats, Purina) and 30% alfalfa hay pellet. 

Animals were confined indoors for a period of 40 

days. Feed intake and body weight were monitored 

every 2 weeks for 42 days. Diet samples were taken 

(20 g per treatment) every week, composited and 

analyzed for chemical composition of diets, while 

ruminal fluid samples were taken at day 0, 20 and 

42 for microbial DNA analysis. Ruminal fluid was 

collected via stomach tube, fitted with a small cylin-

drical strainer, before the morning feeding, into 50 

ml serum vials that were filled to capacity, capped 

immediately and stored at -20°C until analysis later 

that day.
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Chemical analysis

Feed samples were collected daily during the 

collection period, dried at 60°C for 48 h, ground to 

pass a 1 mm screen (standard model 4; Arthur H. 

Thomas Co., Swedesboro, NJ) and stored for sub-

sequent analyses. Daily portions of ground samples 

were composited for each animal and analyzed for 

DM, crude protein (CP), acid detergent lignin, ether 

extract and crude ash according to the methods 

described by AOAC (1998). Nitrogen content of 

the diet samples was determined using a Kjeldahl 

N, and CP was calculated by multiplying N by 6.25. 

Concentration of neutral detergent fiber (NDF) 

and acid detergent fiber were sequentially deter-

mined using an ANKOM200/220 Fiber Analyzer (AN-

KOM Technology, Macedon, NY). Sodium sulfate 

and heat stable amylase (Type XI-A from Bacillus 

subtilis; Sigma-Aldrich Corporation, St. Louis, MO) 

were used in the procedure for NDF determination. 

Acetone (70%) extractable CT in diet samples were 

determined using a butanol-HCl colorimetric proce-

dure (Min et al., 2012). Tannin composition of whole 

PB, aqueous acetone extracts and PB residue after 

extraction were also analyzed by thiolytic degrada-

tion as previously described by Min et al. (2015).  For 

volatile fatty acid (VFA) analysis, 5 ml of ruminal fluid 

was diluted with 1 ml of 3 M meta-phosphoric acids 

and quantified using a GLC (model 5890 series II; 

Hewlet Packard Co, Palo Alto, CA.) with a capillary 

column (30 m × 0.32 mm i.d., 1 μm phase thickness, 

Zebron ZB-FAAP, Phenomenex, Torrance, CA) and 

flame-ionization detection. The oven temperature 

was 170°C held for 4 min, which was then increased 

by 5°C/min to 185°C, and then by 3°C/min to 220°C, 

and held at this temperature for 1 min. The injector 

temperature was 225°C, the detector temperature 

was 250°C, and the carrier gas was helium (Eun and 

Beauchemin 2007).

DNA extraction

Genomic bacterial DNA was isolated from 1 ml of 

rumen samples according to the method described 

in the QIAamp DNA Mini Kit (QIAGEN Inc., Valen-

cia, CA). Extracted DNA (2 μl) was quantified using 

a Nanodrop ND-1000 spectrophotometer (Nyxor 

Biotech, Paris, France) and run on 0.8% agarose gel 

with 0.5 M Tris-borate-EDTA buffer. The samples 

were then transported to the Research and Testing 

Laboratory (Lubbock, TX) for PCR optimization and 

pyrosequencing analysis. Bacterial tag-encoded FLX 

amplicon pyrosequencing (bTEFAP) PCR was carried 

out according to procedure previously described by 

Min et al. (2014b).

 bTEFAP sequencing PCR

The bTEFAP and data processing were per-

formed as described previously (Dowd et al., 2008). 

All DNA samples were adjusted to 100 ng/μl. A 1000 

ng (1 μl) aliquot of each sample’s DNA was used 

for a 50 μl PCR reaction. The 16S universal eubac-

terial primers 530F (5’-GTG CCA GCM GCN GCG 

G) and 1100R (5’-GGG TTN CGN TCG TTG) were 

used for amplifying the 600 bp region of 16S rRNA 

genes. HotStar Taq Plus Master Mix Kit (QIAGEN 

Inc.) was used for PCR under the following condi-

tions: 94°C for 3 min followed by 32 cycles of 94°C 

for 30 sec; 60°C for 40 sec and 72°C for 1 min; and a 

final elongation step at 72°C for 5 min. A second-

ary PCR was performed for FLX (Roche, Nutley, NJ) 

amplicon sequencing under the same condition by 

using designed special fusion primers with differ-

ent tag sequences: LinkerA-Tags-530F and LinkerB-

1100R. The resultant individual sample after parsing 

the tags into individual FASTA files was assembled 

using CAP3. The ace files generated by CAP3 were 

then processed to generate a secondary FASTA file 

containing the tentative consensus (TC) sequences 

of the assembly along with the number of reads in-

tegrated into each consensus. The TC was required 

to have at least a 3-fold coverage. The resulting TC 

FASTA for each sample was then evaluated using 

BLASTn (Altschul et al., 1990) against a custom data-

base derived from the RDP-II database (Cole et al., 

2005) and GenBank website (http://www.ncbi.nlm.

nih.gov/). The sequences contained within the cu-
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rated 16S database were both >1200 bp and consid-

ered as a high quality based upon RDP-II standards.

Data processing and statistical analysis

Statistical analyses were performed using the 

SPSS package (SPSS Inc., v 17.0, Chicago, IL). Rela-

tive abundance data are presented as percentages/

proportions, but prior to subjection to GLM, they 

were transformed using the arcsine function for nor-

mal distribution prior to analysis. Package of NCSS 

(NCSS, 2007, v 7.1.2, Kaysville, UT) was used for 

cluster analysis through which double dendrograms 

were generated through the use of the Manhattan 

distance method with no scaling and the unweight-

ed pair technique. Raw sequences were submitted 

to the NCBI Sequence Read Archive. In addition, 

Table 1. Chemical compositions (g kg -1 dry matter) of experimental diets fed to meat goats

Item*

Experimental diet

Control PB SLP PB+SLP

Dry matter (g kg -1)  903 902 903 898

Crude protein 148 130 160 147

Neutral detergent fiber 486 516 429 456

Ether extract 31.1 33.5 41.3 36.5

Crude ash 91.0 99.7 102 100

NFC 287 230 268 258

Total condensed tannins 4.92 49.0 40.1 45.0

mDP - 10.5 30.0 -

PC  
(% in condensed tannins) - 87.6 0.84 -

PD  
(% in condensed tannins) - 12.4 99.2 -

Control, diet without condensed tannins (CT) supplementation;

PB, diet with 30% pine bark (PB) and 70% grain mix;

SLP, diet with 30% sericea lespedeza (SLP) leaf pellet and 70% grain mix;

PB+SLP, diet with 15% PB, 15% SL pellet and 70% grain mix. 

*NFC: non-fibre carbohydrates (1000 – crude protein – neutral detergent fibre – ether extract – crude ash, g 
kg -1 dry matter); 

mDP = mean degree of polymerization;

PC = procyanidins; PD = prodelphinidins.  
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quantification of major rumen bacterial phylum, 

classes and species populations was analyzed us-

ing the mixed model procedure in SAS (SAS Inst., 

Cary, NC) in a completely randomized design with a 

model that included the fixed effect of dietary treat-

ments and the random effect of animal. Tags which 

did not have 100% homology to the original sample 

tag designation were not included in data analysis. 

Sequences which were less than 250 bp after qual-

ity trimming were also not considered. Means were 

compared using a protected (P < 0.05) Least Signifi-

cant Differences (LSD) test. Unless otherwise stated, 

significance was declared at P ≤ 0.05, and tendency 

towards significance at 0.05 < P ≤ 0.10. All results are 

reported as Least Squares Mean (LSM). 

RESULTS

Characteristics of experimental diets

Ingredients and chemical composition of experi-

mental diets are presented in Table 1. Goats were 

provided diets that met all animals’ requirements 

for growth and gain according to National Research 

Council (2007). All the experimental diets provided 

similar nutrient profiles, except CT.  Tannin analysis 

(Table 1) revealed that PB CT was mostly procyani-

dins: total CT consisted of 87.6% procyanidins (PC) 

and 12.4% prodelphinidins (PD), and total CT of 

49.0% with mean degree of polymerization (mDP)-

values of 10.5. However, SLP was mostly PD with 

mDP values of 30.0. 

Table 2. Ruminal volatile fatty acid (mol 100 mol-1) profiles in the rumen of meat goats fed diets 
without or with a source of condensed tannins

Item
Dietary treatment

SEM P-value
Control PB SL PB+SLP

Acetate (A) 61.8a 50.1b 65.3a 46.1b 4.80 0.05

Propionate (P) 15.2 12.4 16.2 13.4 1.35 0.29

Butyrate 12.5 10.2 13.7 8.91 1.65 0.23

Isobutyrate 1.31ab 0.90b 1.83a 1.48ab 0.118 <0.01

Isovalerate 2.23ab 1.46b 3.24a 2.52ab 0.192 0.01

Valerate 1.35b 1.04b 1.87a 1.53ab 0.154 0.01

Caprorate 0.21ab 0.18b 0.31a 0.04b 0.045 0.01

A:P 4.17a 3.51b 4.08a 4.15a 0.136 0.05

Control, diet without condensed tannins (CT) supplementation;

PB, diet with 30% pine bark (PB) and 70% grain mix;

SLP, diet with 30% sericea lespedeza leaf pellet (SLP) and 70% grain mix; 

PB+SLP, diet with 15% PB, 15% SLP and 70% grain mix. 

*Means with different superscripts in the same rows are different (P < 0.05).
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Ruminal VFA profiles

Goats fed PB and PB+SLP (Table 2) decreased 

molar proportion of acetate (P < 0.05), while goats 

received PB reduced proportions of isobutyrate (P 

< 0.001), isovalerate (P < 0.01), and valerate (P < 

0.01) compared to those in control and SLP (Table 

2). Goats supplemented with CT-containing PB and 

SLP diets decreased (P < 0.01) caproic acid concen-

tration compared to the control group.

Relative Abundance of Bacterial   Phyla

In this study, bacterial (Table 3) community com-

position of the rumen fluids were examined at de-

scending levels of biological classification to deter-

mine the effect of CT-containing diets on community 

membership.  In this study, Bacteroides (30 to 55%) 

and Firmicutes (30 to 47%) were the major bacte-

rial phyla. Goats received tannin-containing PB or 

PB with SLP mixed diets had significant (P < 0.05) 

decreased in Firmicutes bacterial phylum commu-

nity, while Bacteroidetes population in the rumen 

of goats fed the PB diet was significantly increased. 

The bacterial distribution showed that Firmicutes 

was the most dominant phyla with mean relative 

abundance values ranging from 48% in control to 28 

% in PB diets (Table 3).

Table 3. Predominant bacterial phyla in the rumen of meat goats fed diets without or with a 
source of condensed tannins

Item
Dietary treatment

SEM P-value
Control PB SLP PB+SLP

Fibrobacteres 5.44 4.51 6.72 3.61 1.882 0.40

Actinobacteria 2.23 0.60 0.64 1.13 0.943 0.61

Proteobacteria 1.35 2.29 1.81 29.8 14.50 0.56

Tenericutes 3.71 1.45 7.27 3.46 2.240 0.42

Firmicutes 47.7a 30.1b 43.7a 28.5b 7.82 0.05

Bacteroidetes 33.9b 55.7a 36.0ab 30.1b 7.15 0.05

Spirochaetes 0.86 2.28 2.42 1.57 0.662 0.49

Lentisphaerae 3.28 2.64 0.14 0.58 1.313 0.36

Control, diet without condensed tannins (CT) supplementation; 

PB, diet with 30% pine bark (PB) and 70% grain mix;

SLP, diet with 30% sericea lespedeza leaf pellet (SLP) and 70% grain mix;

PB+SLP, diet with 15% PB, 15% SLP and 70% grain mix. 

*Means with different superscripts in the same rows are different (P < 0.05).
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Table 4. Bacterial species community diversity (%) in the rumen of meat goats fed diets without 
or with a source of condensed tannins

Item
Dietary treatment

SEM P-value
Control PB SLP PB+SLP

Victivallis spp. 3.16 2.61 0.10 0.49 1.312 0.38

Anaeroplasma spp. 2.71 1.00 5.73 3.09 2.223 0.57

Saccharofermentans spp. 7.59 2.17 5.81 4.60 2.159 0.45

Treponema spp. 0.76 2.17 2.36 1.52 0.651 0.41

Solobacterium spp. 0.16 0.03 1.00 0.07 0.469 0.49

Pseudobutyrivibrio spp. 3.96 0.13 1.25 4.67 2.184 0.49

Faecalibacterium spp. 1.18 1.37 2.98 0.71 1.290 0.49

Streptococcus spp. 3.22 1.82 2.66 0.93 0.819 0.34

Dermatophilus spp. 2.04 0.48 0.51 0.32 0.889 0.54

Bacteroidales spp. 2.64 0.30 0.22 0.19 0.577 0.09

Anaerosporobacter mobilis 0.56 0.10 0.16 0.10 0.251 0.47

Prevotella spp. 22.2 42.2 28.9 23.9 6.88 0.30

Fibrobacter spp. 5.32 4.04 5.82 3.15 1.891 0.75

Sphingobacterium spp. 1.37 0.10 0.10 0.10 0.685 0.49

Marinifilum spp. 0.14b 2.86a 0.10b 0.59b 0.476 0.04

Catenibacterium spp. 1.34 0.98 1.90 0.71 0.308 0.17

Paludibacter spp. 2.47 0.26 0.10 0.37 0.977 0.38

Blautia spp. 4.19 4.59 7.33 1.93 1.113 0.11

Asteroleplasma spp. 0.36 0.10 0.66 0.25 0.289 0.61

Bacteroides spp. 0.82b 3.24a 0.95b 1.00b 0.350 0.02

Fibrobacter succinogenes 0.07 0.43 0.90 0.35 0.014 0.05

Clostridium spp. 7.24 2.88 6.66 2.94 1.478 0.19

Xylanibacter spp. 1.19 2.54 2.96 1.48 0.794 0.43

Barnesiella spp. 2.06 2.58 1.56 0.83 0.484 0.21

Succiniclasticum spp. 2.14 5.70 4.71 3.92 0.917 0.18

Ruminococcus spp. 4.69 2.70 2.78 3.41 0.606 0.21

Coprococcus spp. 0.91 0.41 0.22 0.11 0.191 0.12

Oribacterium spp. 0.39b 1.18a 0.69b 0.52b 0.119 0.03

Robinsoniella spp. 2.71 1.19 0.24 0.30 1.259 0.54

Control, diet without condensed tannins (CT) supplementation; 
PB, diet with 30% pine bark (PB) and 70% grain mix;
SLP, diet with 30% sericea lespedeza leaf pellet (SLP) and 70% grain mix;
PB+SLP, diet with 15% PB, 15% SLP and 70% grain mix. 
*Means with different superscripts in the same rows are different (P < 0.05).
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Diversity and Abundance of Rumen Bac-
terial Species

More than 390 bacterial species (including un-

known) were classified (not in the text) from the 

ruminal fluid of the goats in this study. However, the 

relative abundances of the 29 most abundant spe-

cies (>0.1%) are presented in Table 4.  As shown in 

Table 4, Prevotella spp. was the most predominant 

rumen bacterial species in the percentage of 22.1, 

42.2, 28.9, and 23.9 for the control, PB, SLP, and 

mixed diets, respectively. The community of rumen 

bacterial species in PB-supplemented group was 

greater for Marinifilum spp. (P < 0.04), Bacteroides 

spp. (P < 0.02), and Oribacterium spp. (P < 0.03) 

compared with other treatment groups. However, 

the community of Fibrobacter succinogenes was 

greater (P < 0.05) for SLP than for other treatments. 

Supplementing tannins in goat diets such as PB and 

SLP diets has a potential to positively modify rumen 

bacterial population, but there were no synergistic 

effects on rumen fermentation and rumen bacterial 

species.

For ease of presentation and interpretation, we 

present prevalent bacterial genera (Figure 1) ob-

served in the community based on a cutoff value 

of 0.1% of relative abundance for inclusion in a hi-

erarchal cluster analysis of individual animal micro-

bial diversity within and among diets in Figure 1. 

Overall, animals clustered relatively well within diet 

and animals. However, one of the PB powder sup-

plemented goats had more dissimilarity between 

treatments. Control diet of goats (sample # 1 and 

2) clustered more closely compared to the PB (# 3 

and 4) and SLP (#5 and 6) supplementation. Goats 

that received SLP supplementation (# 5 and 6) had 

greater relative community abundance of Bacte-

roidia population compared to the control diet, and 

the opposite was observed for the Clostridia popu-

lation (Figure 1).  

DISCUSSION

Regardless of numerous studies (Callaway et al., 

2010; Pitta et al., 2010; Hristov et al., 2012) demon-

strating the role of the gut microbial diversity in ru-

minants associated with different sources of forages 

or dried distillers grains, responses of the bacterial 

diversity to feeding various sources of phytochemi-

cal tannins-containing diets remain largely un-

known. The most significant findings in the present 

study were when goats fed tannin-containing PB or 

PB with SL mixed diets, there was a decreased in the 

Firmicutes bacterial phylum populations (P < 0.05), 

while Bacteroidetes populations were increased. 

The bacterial distribution showed that Firmicutes 

was the most dominant phyla with mean relative 

abundance values ranging from 48% in control to 28 

% in PB diets. This suggests that phytochemical tan-

nins supplementation sizably affected microbiota 

diversity on goats grazing fresh forage diets.

Relative Abundance of Bacterial   Phyla

In this study, Bacteroides (30 to 55%) and Fir-

micutes (30 to 47%) were the major bacterial phyla. 

Goats received tannin-containing PB or PB with SLP 

mixed diets had significant (P < 0.05) decreases in 

Firmicutes bacterial phylum community, while the 

Bacteroidetes population in PB diet was significant-

ly increased. The bacterial distribution showed that 

Firmicutes was the most dominant phyla with mean 

relative abundance values ranging from 48% in con-

trol to 28 % in PB diets (Table 3). Interestingly, the 

gastrointestinal tracts of humans and many other 

vertebrae are mostly dominated by two groups of 

bacteria, Bacteroidetes and Firmicutes (Backhed et 

al., 2004), which is similar to the result obtained cur-

rent study. This finding agrees with the results within 

the current goat study showing that Firmicutes and 

Bacteroidetes were the dominant bacterial phyla in 

the goat rumen fluid. This has been confirmed by 

the findings that Firmicutes, Bacteroidetes, Actino-

bacteria, and Proteobacteria were reported to be 

dominant bacterial phyla in the goat intestine (Min 

et al., 2014a) and human gut (Schloss et al., 2009).

Levels of the two types of beneficial microbes 

or bacteria in the gastrointestinal tract that help to 
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Figure 1. Thermal double dendrogram of the 60 most abundant bacterial genera in the rumen of 
various sources of tannin-containing supplementation from a common cohort of 24 meat goats. 
Clustering in the Y-direction is indicative of abundance, not phylogenetic similarity. RA = relative 
abundance; Control (0%) = tag no. 1 and 2; 30% pine bark (PB) = tag no. 3 and 4; 30% sericea lespedeza 

pellets (SLP) = tag no. 5 and 6, and 15% PB + 15% SLP = tag no. 7 and 8 on an as-fed basis. Rumen fluid sam-

ples from six animals per treatment were pooled to two samples sizes within treatment for bacterial analysis.
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break down foods are different in obese and lean 

people and mice (Ferrer et al., 2013). There are tril-

lions of bacteria in the gastrointestinal tract, but 

the two groups called the Bacteroidetes and the 

Firmicutes are the most dominant and their pro-

portion varies in lean and obese mice and humans 

(Turnbaugh et al., 2006). Ferrer et al. (2013) reported 

that in the obese gut, the total microbiota was more 

abundant on the phylum Firmicutes (94.6%) as com-

pared with Bacteroidetes (3.2%), but the lean gut 

showed a remarkable shift towards Bacteroidetes. 

The proportion of Bacteroidetes bacteria is lower in 

obese mice and people than in lean people (Turn-

baugh et al. 2006). Gut microorganisms benefit the 

host by assembling the energy from the fermenta-

tion of undigested carbohydrates and the subse-

quent absorption of short-chain fatty acids (SCFA). 

Although exact mechanisms are not yet known, it 

has been observed that obesity due to a high fat or 

high polysaccharide diet correlates with a decrease 

in the amount of Bacteroidetes and a proportional 

increase in Firmicutes (Dibaise et al., 2012). There 

may be a microbial component to obesity. Turn-

baugh et al. (2006) observed that the microbiota of 

obese individuals are more heavily enriched with 

bacteria of the phylum Firmicutes and less with Bac-

teroidetes, and they surmise that this bacterial mix 

may be more efficient at extracting energy from a 

given diet than the microbiota of lean individuals 

(which have the opposite proportions). However, 

it is unclear what factors in the setting of average 

daily gain tip the scales in favor of the Firmicutes 

over Bacteroidetes in ruminants.  The current study 

exhibited similar trends to human studies particu-

larly for the PB and PB+SLP mixed supplemented 

groups, except SLP had lower rumen acetate con-

centrations, and had lower Firmicutes populations 

compared to control group.  Perhaps the Bacteroi-

des may possess may more tannins-resistant mech-

anisms or more diverse enzymatic capabilities (Od-

enyo and Osuji,1998; Smith et al., 2003) that more 

efficiently extract energy when a variety of complex 

organic substrates are available in goat rumens. This 

hypothesizes that the metabolic and energy extrac-

tion functions in ruminants may be fundamentally 

due to microbiota, such that all are affected by al-

terations in nutritional state.

McNabb et al. (1997) reported on the ruminal 

digestion of plant proteins in relation to different 

types of CT from Lotus corniculatus (Birdsfoot tre-

foil) and Lotus pedunculatus (big trefoil). L. cornicu-

latus CT consisted largely of procyanidins, while L. 

pedunculatus CT contained largely prodelphinidins. 

Although CT from both species were able to reduce 

in vitro ruminal degradation of plant proteins, CT 

from L. pedunculatus were more effective than CT 

from L. corniculatus at reducing protein degrada-

tion. Data from the current study revealed that PB 

CT were mostly procyanidins, while SLP contained 

mostly prodelpinidins that may be important for de-

termining the ruminal microbial community in live-

stock.

Recently, Han et al. (2015) reported that phyla 

Firmicutes and Synergistetes were predominant in 

samples taken from 80 to 100-day-old goats, but 

Bacteroidetes and Firmicutes became the most 

abundant phyla in samples from 110-day-old goats. 

A study by Henderson et al. (2013) demonstrated an 

increase in the abundance of the phylum Firmicutes 

correlated with a decrease in the abundance of Bac-

teroidetes in cow (r= -0.805) and sheep (r= -0.976), 

which also shows similarity to the results obtained 

in the current study.  Data in the current study has 

shown that the number of Bacteroidetes were nota-

bly greater than the number of Firmicutes in PB fed 

animals compared to alfalfa supplemented animals, 

and vice versa for the SLP diet compared to control 

group in meat goats. The mechanism of action of 

tannin-resistant bacteria in animals exposed to con-

densed tannins is not known between two different 

dietary supplementations. 

  

Diversity and Abundance of Rumen Bac-
terial Species

As shown in Table 4, Prevotella spp. was the most 

predominant rumen bacterial species in the per-

centage of 22.1, 42.2, 28.9, and 23.9 for control, PB, 

SLP, and mixed diets, respectively. This has been 
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confirmed by the findings that Prevotella spp. (21 

to 40%) and Ruminococcaceae spp. (12 to15%) were 

reported to be dominant bacterial species in the 

goat intestine (Min et al., 2014a). However, in the 

present study, Prevotella spp. was not changed (P 

= 0.30) with or without CT-containing diets. It has 

been shown that the gut microbial community is 

dominated by Prevotella (18.2% of total population) 

in the rumen and Clostridium (19.7% of total popu-

lation) in the feces of cattle (Callaway et al., 2010).  

However, these findings did not always reveal simi-

lar trends of fecal bacterial species between cattle 

and goats based on the results of similar molecular 

sequencing study of goats. Min et al. (2014a) report-

ed that Stenotrophomonas koreensis was the most 

dominant fecal bacterial species (23.9% of total fe-

cal bacterial population) in meat goats. The commu-

nity of rumen bacterial species in PB-supplemented 

group was greater for Marinifilum spp. (P < 0.04), 

Bacteroides spp. (P < 0.02), and Oribacterium spp. 

(P < 0.03) compared with other treatment groups. 

However, the population of Fibrobacter succino-

genes was greater (P < 0.05) for SLP than for other 

treatments. Supplementing tannins in goat diets 

such as PB and SLP diets has the potential to posi-

tively modify rumen bacterial population, but there 

were no synergistic effects on rumen fermentation 

and rumen bacterial species.

In this study, bacterial groups from goats fed the 

control diet (sample # 1 and 2) clustered more close 

compared to the PB (# 3 and 4) and SLP (#5 and 6) 

supplementation. Goats that received SLP supple-

mentation (# 5 and 6) had greater relative commu-

nity abundance of Bacteroidia population compared 

to the control diet, and the opposite was observed 

for Clostridia population (Figure 1).  Lower abun-

dance of Clostridia in CT-containing diet groups 

compared to control diet, indicated that CT-contain-

ing diets supplementation may have decreased the 

abundance of Clostridia population in the rumen 

community of goats. Likewise, analysis of human 

microbiota-associated rat feces using molecular ap-

proach has revealed that the Bacteroides/Prevotella 

and Faecalibacterium species are dominant in both 

humans and rats post-transfection (Licht et al., 2007). 

CONCLUSIONS

In conclusion, our study provides a potentially 

specific explanation of goat rumen fermentation 

responses associated with alterations in the goat ru-

men bacterial microbiome. The current results dem-

onstrate that dietary tannin can employ a positive/

negative effect both on rumen fermentation and on 

the rumen microbiome, and it is possible that this 

effect is dependent on dietary sources of tannins 

or tannin-containing diets. Rumen microbial popu-

lation can be considered to be relatively dynamic 

and consequently reflective of the impact of tannin 

intake from the diet by the corresponding increases 

and decreases in selected microbial population. 

There is also possible adaptation of the ruminal mi-

crobiota to tannin and a beneficial effect of tannin 

on some classes of rumen microorganisms has been 

observed. However, there is a need for detailed 

studies involving effects of varying concentrations 

of tannins on rumen bacteria, archaea and fungal 

diversity of goats in response to ingestion of differ-

ent sources of tannin-containing diets.
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