
I 
		

 

 

Robustness and resilience of gut microbiota in ruminants 

 in relation to feeding and nutritional management 

 

 

 

 

 

 

 

 

 

September 2017 

TANG THUY MINH 

 

 

 

 

 

 

 

 

 

 

Graduate School of Environmental and Life Science 

(Doctor’s Course) 

OKAYAMA UNIVERSITY 
 



II 
	

 

TABLE OF CONTENTS 

Table of contents .....................................................................................................................   II 

Declaration ..............................................................................................................................   V 

Acknowledgments ...................................................................................................................  VI 

Publications arising from this thesis ...................................................................................... VII 

Conference proceedings .........................................................................................................VIII 

List of figures .......................................................................................................................    IX 

List of tables ............................................................................................................................  X 

Chapter 1: General Introduction ................................................................................................ 1 

Chapter 2: Literature Reviews ................................................................................................... 3 

 2.1. The role of gut bacteria .................................................................................................... 3 

  2.1.1. Metabolic function ..................................................................................................... 3 

   2.1.1.1. Carbohydrate metabolism ................................................................................. 3 

   2.1.1.2. Protein metabolism ........................................................................................... 4 

   2.1.1.3. Vitamin synthesis .............................................................................................. 4 

  2.1.2. Trophic function ......................................................................................................... 4 

   2.1.2.1. Epithelial cell growth and differentiation ......................................................... 4 

   2.1.2.2. Interactions between gut bacteria and host immunity ....................................... 5 

  2.1.3. Protective function ..................................................................................................... 5 

 2.2. Temporal colonization of gut bacteria communities ....................................................... 5 

 2.3. Characterizing microbiota across gastrointestinal tract of ruminants ...........................  10 

  2.3.1. Microbial composition of digesta-associated population across gastrointestinal tract

   .....................................................................................................................................  12 

  2.3.2. Microbial composition of mucosa-associated population across gastrointestinal tract

   .......................................................................................................................................14 

  2.3.3. Microbial composition of food-associated population in related to bacterial 

communities across gastrointestinal tract .................................................................16 

  2.3.4. Prediction of molecular function of microbiota across gastrointestinal tract ...........16 

 2.4. Factors influencing gut bacterial communities ...............................................................21 

  2.4.1. Diet ............................................................................................................................21 

   2.4.1.1. Dietary carbohydrates ......................................................................................21 

   2.4.1.2. Dietary proteins ................................................................................................22 

   2.4.1.3. Dietary fat ........................................................................................................22 



III 
	

  2.4.2. Antibiotics usage .......................................................................................................23 

  2.4.3. Prebiotics and probiotics ...........................................................................................24 

  2.4.4. Host-related factors ...................................................................................................25 

  2.4.5. Other factors ..............................................................................................................27 

Chapter 3: Changes in Gut Microbiota of Holstein Heifers during Growing Stage .................29 

 3.1. Abstract ...........................................................................................................................29 

 3.2. Introduction .....................................................................................................................29 

 3.3. Materials and methods ....................................................................................................30 

 3.4. Results .............................................................................................................................32 

 3.4.1. Changes in bacterial population and structure during growing stage .......................32 

 3.4.2. Comparison between Holstein heifers and Japanese Black calves ...........................33 

 3.5. Discussion .......................................................................................................................36 

Chapter 4: Variability, Stability, Resilience of Fecal Microbiota of Dairy Cows Fed Whole 

Crop Corn Silage .....................................................................................................41 

 4.1. Abstract ...........................................................................................................................41 

 4.2. Introduction .....................................................................................................................41 

 4.3. Materials and methods ....................................................................................................42 

 4.4. Results .............................................................................................................................44 

  4.4.1. Silage fermentation and microbiota ..........................................................................44 

  4.4.2. Fecal microbiota ........................................................................................................45 

  4.4.3. Variations between cows, farms, and countries ........................................................45 

 4.5. Discussion .......................................................................................................................49 

Chapter 5: Microbial Community in the Gastrointestinal Tract of Goats Fed Whole Crop Corn 

Silage ........................................................................................................................56 

 5.1. Abstract ...........................................................................................................................56 

 5.2. Introduction .....................................................................................................................56 

 5.3. Materials and methods ....................................................................................................57 

 5.4. Results .............................................................................................................................60 

  5.4.1. Habitation of Lactobacillus community from silage throughout the gastrointestinal 

tract of goat ...............................................................................................................60 

  5.4.2. Microbial population changing across the gastrointestinal tract of goat ..................62 

  5.4.3. Comparative evaluation of digesta- and mucosa-associated microbial population 

across the gastrointestinal tract of goat ....................................................................63 

 5.5. Discussion .......................................................................................................................65 



IV 
	

Chapter 6: General Conclusion  ................................................................................................69 

References .................................................................................................................................71 

 

 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



V 
		

	
	

DECLARATION 

 

I hereby declare that my thesis/dissertation entitled: 

“Robustness and resilience of gut microbiota in ruminants in relation to feeding and nutritional 

management” 

has been composed by myself, that the work contained here in is my own except where 

explicitly stated otherwise in the text, and that this work has not been submitted for any other 

degree or processional qualification except as specified. 

Parts of this work have been published in Journal of Applied Microbiology and Biotechnology 

(2017).  

 

Date 

 

Signature  

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



VI 
	

	
	

ACKNOWLEGMENTS 

Firstly, I would like to express my sincere gratitude to my supervisor Prof. Nishino 

Naoki for the continuous support of my Ph.D study and related research, for his patience, 

motivation, and immense knowledge. His guidance helped me in all the time of research and 

writing of this thesis. I could not have imagined having a better advisor and mentor for my Ph.D 

study. 

I am very grateful to Prof. Funahashi Hiroaki, Prof. Saito Noboru for their keen support 

as co-supervisor. Their lectures and extensive knowledge helped me a lot during my Ph.D study. 

 I would like to appreciate Assoc. Prof. Tsuruta Takeshi for his kind support and 

encouragement in my Ph.D time. 

I would like to thank Mr. Sugimoto Yusuke and Mr. Tanabe Yuji from Okayama 

Livestock Research Institute for their enthusiastic help and instruction for collecting sample. 

Without their support it would not be possible to conduct this research. 

My sincere thanks also goes to Dr. Han Hongyan, Dr. Wu Baiyila, Dr. Ni Kuikui for all 

of their kindness and thoughtfulness in laboratory work as well as student life. Their enthusiasm 

has inspired me a lot during my Ph.D study. And, I thank my fellow labmates for the stimulating 

discussions, for the insightful comments in every seminar, and for all the fun we have had 

together. With their encouragement and support, I have kept staying strong and enduring for all 

of the time. 

Besides, I would like to send my honest thanks to all of my Vietnamese friends for their 

precious support since the very first time I came to Japan. Their companionship and friendship 

have been motivated me to overcome many obstacles. 

Last but not the least, I would like to thank my family: my parents and to my brother 

and sister for supporting me spiritually throughout my study in Japan and my life in general. 

 
 

 



VII 
	

 

 

 

 

PUBLICATION ARISING FROM THIS THESIS 

 

1. Tang TM, Han H, Yu Z, Tsuruta T, Nishino N (2017)	Variability, stability, and resilience 

of fecal microbiota in dairy cows fed whole crop corn silage.	Appl Microbiol Biotechnol.	

doi: 10.1007/s00253-017-8348-8  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VIII 
	

 

 

 

CONFERENCES PROCEEDINGS 

 

 

1. Tang TM, Sugimoto Y, Tanabe Y, Tsuruta T, Nishino N (2016) Gut bacterial communities 

in Holstein heifers during growing stage. 121th Annual Meeting of Japanese Society of 

Animal Science, Tokyo, Japan. 

2. Tang TM, Sugimoto Y, Tanabe Y, Tsuruta T, Nishino N (2016) Changes in Gut Microbiota 

in Japanese Black and Holstein Calves during Growing Stage. 17th AAAP Animal Science 

Congress, Fukuoka, Japan. 

3. Tang TM, Han H, Tsuruta T, Nishino N (2017) A comparative survey of fecal microbiota 

of silage-fed dairy cows in Japan and China. 122th
 
 Annual Meeting of Japanese Society of 

Animal Science, Kobe, Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 



IX 
	

 

LIST OF FIGURES 

 

Figure 2.1. Age classification of calf ruminal samples according to phyla relative abundance determined 

with TREE package of SYSTAT from birth to weaning ........................................................... 8 

Figure 2.2. Age classification of calf ruminal samples according to genera relative abundance 

determined with TREE package of SYSTAT from birth to weaning ........................................ 9 

Figure 2.3. Median relative abundances of the three most abundant phyla during the six timepoints . 10 

Figure 2.4. Aggregate microbiota composition at the phylum level by week of life ............................ 10 

Figure 2.5. Predicted function of the gut micorbiota in the sheep of GIT ............................................ 16 

Figure 2.6. Distribution of 16S rRNA sequences from the feed and GIT of a Nelore steer ................. 18 

Figure 3.1. Cluster analysis results for Lactobacillus, Bifidobacterium, Clostridium cluster I&II, 

Bacteroides-Prevotella-Porphyromonas, and total bacterial community structure based on 

DGGE banding patterns of seven Holstein heifers (A, B, C, D, E, F, G, and H) during growing 

stage ............................................................................................................................................ 34 

Figure 3.2. Cluster analysis results for Lactobacillus, Bifidobacterium, Clostridium cluster I&II, 

Bacteroides-Prevotella-Porphyromonas, and total bacterial community structure based on 

DGGE banding patterns of seven Japanese Black calves (A, B, C, D, E, F, G, and H) during 

growing stage ............................................................................................................................. 35 

Figure 3.3. DGGE profile and species identification in Lactobacillus group of seven Holstein calves 

(A, B, C, D, E, F, and G) during growing stage ......................................................................... 35 

Figure 3.4. DGGE profile and species identification in Bifidobacterium group of seven Holstein calves 

(A, B, C, D, E, F, and G) during growing stage ......................................................................... 36 

Figure 3.5. Comparison of total bacteria population (A), Bacteroides-Prevotella-Porphyromonas (B), 

Clostridium cluster XIVa (C), Clostridium I&II (D), Lactobacillus (E), and Bifidobacterium (F) 

population between Holstein heifers and Japanese Black calves during growing stage ............ 38 

Figure 4.1. Heatmap representing the relative abundance of the major families (50 most abundant taxa) 

in silage and fecal microbiota ..................................................................................................... 46 

Figure 5.1. DGGE banding patterns and species identification of Lactobacillus group of silage sample 

(S) and digesta (d) and mucosa-associated samples (m) across gastrointestinal tract of goat ... 61 

Figure 5.2. Principal Coordinate Analysis (PCoA) profile of Lactobacillus group based on DGGE 

banding pattern of digesta and mucosa-associated microbiota across the gastrointestinal tract of 

4 goats and silage samples .......................................................................................................... 62 

Figure 5.3. Relative abundance of total bacteria (A), R. albus (B), Lactobacillus group (C), F. 

prausnitzii (D), Enterobacteriaceae (E), F. succinogenes (F), Bacteroides–Prevotella–

Porphyromonas group (G) population of digesta- (log 16S rRNA gene copies/g) and mucosa-

associated (log 16S rRNA gene copies/cm2) samples across the gastrointestinal tract of goat .  



X 
		

  .................................................................................................................................................... 64 

 

LIST OF TABLES 

 
Table 2.1.  Relative abundance of the 28 most abundant genera (relative abundance > 0.1%) of 

Simmental calves from birth to weaning .................................................................................... 11 

Table 2.2. Total bacterial density (numbers per gram wet weight) throughout the gastrointestinal tracts 

of dairy cattle .............................................................................................................................. 13 

Table 2.3. Comparison of the phyla in digesta samples across the gastrointestinal tract of dairy cattle

 .................................................................................................................................................... 19 

Table 2.4. Comparison of the phyla in mucosal samples across the gastrointestinal tract of dairy cattle

 .................................................................................................................................................... 20 

Table 3.1. Quantification PCR results (log 16S rRNA gene copy number/g fresh matter) of total 

bacteria, Bacteroides-Prevotella-Porphyromonas, Clostridium cluster XIVa, Clostridium I&II, 

Bifidobacterium, and Lactobacillus population ......................................................................... 33	

Table 4.1. Feeding management, herd milk yield, diet formulation, and fermentation products of whole 

crop corn silage used in the six farms ........................................................................................ 48 

Table 4.2. Number of sequence reads, taxa, and Shannon diversity index values determined by next 

generation sequencing at the family level for the microbiota of whole crop corn silage and silage-

fed dairy cows ............................................................................................................................ 49 

Table 4.3. Relative abundance of taxa detected at >0.1% of the total population in silage samples .... 50 

Table 4.4. Relative abundance of the taxa detected at >0.1% of the total population in feces samples 

from silage-fed dairy cows at 3 Japanese and 3 Chinese farms ................................................. 53 

Table 4.5. Coefficient of variation calculated for the taxa detect at >0.1% of total population in feces 

samples collected from silage-fed dairy cows at 3 Japanese and 3 Chinese farms .................... 54 

Table 5.1. Proportion of Lactobacillus group, R. albus, F. prausnitzii, Enterobacteriaceae, 

Bacteroides–Prevotella–Porphyromonas group, F. succinogenes in digesta (D) and mucosa-

adhered microbiota (M) of different sampling sites across the gastrointestinal tract of goat .... 60 

 

 

 

 

 

 

 

 



1 
	

CHAPTER 1 

GENERAL INTRODUCTION 

 

Gastrointestinal tract of animal is the natural habitat for a dense and dynamic microbial 

community. Ruminants and their diverse community of symbiotic microbiota is a typical example. 

This microbiota is in charge of digesting and fermenting plant materials into nutrient sources usable 

by the host. The ruminants acquire the fermentation products for body maintenance, growth, and 

milk production. 

During early life, major changes take place in the composition of gut microbiota. The early 

and rapid colonization helps protect from pathogen invasion but the climax population establish for 

several years. In adults, the composition of this microbiota across the digestive tract is determined 

by a gradient of oxygen from food and water consumption and a gradient from tissue into the lumen. 

In summary, establishment of gut microbiota is a complex process which is influenced by microbes-

host interactions and by several external and internal factors. The important extrinsic factors are 

bacteria of the environment, composition of maternal microbiota, diet, mode of delivery and 

medication, and the host-related factors like anatomical development of intestinal tract, peristalsis, 

bile acids, intestinal pH and immune systemic responses, microbial interactions and mucosal 

receptors. 

Although several studies have been conducted for understanding the gut microbiota of 

ruminants, several questions remain. A substantial part of this resident microbiota is still to be 

discovered. Theoretically, this population has been contributed by digesta-associated and mucosa-

associated microbiota. While mucosa-associated microbiota would be crucial for immunological 

priming, digesta-associated would be important for nutrient digestion. Rather than mucosa-

associated microbiota, digesta-associated microbiota has intensively been studied targeting to 

rumen and feces microbiota, due to the easy and convenient sampling. Despite reports indicating 

that the core bacterial community is shared, other studies have observed high variation in the 

relative microbial abundance across samples. The divergence of abundance was suggested to be 

due to differences in genotype, aging, diet formulation, farm management, and geographical 

locations, food-borne microbiota.	 Similarly, differences were also observed in gut microbiota 

structure even when animals were kept under the same condition and showed the similar 

physiological profiles. In additon, recent studies have paid attention to individual intra-variation of 

gut microbiota in different segments across the gastrointestinal tract. Reports indicated that gut 

microbiota varied across the tract in abundance as well as in microbial composition. However, 

understanding about this fluctuation of gut microbiota is still limited. 
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Because microbial activity and metabolism in the gut is a key to secure health and 

productivity of ruminants, understanding robustness and resilience of the gut microbiota is of great 

importance. In this thesis, three experiments were carried out to examine variability, stability, and 

adaptability of gut microbiota in relation to feeding and nutritional management. Feces were used 

to determine the gut microbiota in heifer and dairy cow experiments, and digesta and mucosa 

samples collected from various gut segments were used in goat experiment. Silage, a rich source of 

lactic acid bacteria, was given to animals in the entire or a part of test period; hence, the effect of 

food-borne bacteria on the gut microbiota was also examined. 

In the first experiment, fecal microbiota of seven Holstein calves were examined during 

growing stage, wherein weaning and commencement of silage feeding were practiced. The 

objective was to understand how gut microbial community changed over the time and if weaning 

and silage feeding had influence on gut microbiota during growing stage. 

In the second experiment, microbiota of whole crop corn silage and feces of 18 silage-fed 

lactating Holstein cows were examined in Japan and China. The objective was to understand the 

variation and similarity of the fecal microbiota of dairy cows with regards to individuals, farms, 

and countries. And, we also examined if silage-associated microbiota affected the gut microbiota 

of lactating cows. 

In the third experiment, gut microbiota was characterized across the gastrointestinal tract 

for both digesta and mucosa-associated microbiota using goat model. The Lactobacillus community 

was also examined to understand how this community inhabited from feed (silage) throughout 

different segments along the gastrointestinal tract. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1. The role of gut bacteria 

Gut bacteria have main functions including metabolic activities for rescue of energy and 

nutrients, trophic effects on intestinal epithelia, development of immune system and protection the 

host from invasion of foreign microbes (Guarner et al. 2003). Gut bacteria harbor different 

dominant bacterial phyla regarding host species. For human, the most popular phyla are Firmicutes, 

Bacteroides, Actinobacteria, Proteobacteria and Verrucomicrobia; for cattle, those are Firmicutes, 

Bacteroides, Proteobacteria, Euryarchaeota (Eckburg et al. 2005; Hogenova et al. 2011). 

 

2.1.1. Metabolic function  

The critical metabolic function of gut bacteria is related to the fermented process of non-

digestible substances (exogenous substrates that are provided by food and endogenous substrates 

synthesized by host) and converting into chemical compounds, which subsequently are absorbed 

and digested by host animals (Guarner et al. 2003; Rambaud et al. 2006). 

 

2.1.1.1. Carbohydrate metabolism 

Non-digestible carbohydrates like resistant starch, cellulose, hemicelluloses, pectin, 

unabsorbed sugars and alcohols are converted into short chain fatty acids (mainly acetate, 

propionate and butyrate) and gases by the interaction of different kinds of bacteria. These fatty acids 

have an important contribution to host physiology. Butyrate which is the main source of energy for 

colonocytes is consumed by colonic epithelium while acetate and propionate play a role in 

modulation of glucose metabolism. These fermenting activities of bacteria are supposed to recover 

energy and nutrients for host as well as energy and nutrients supplying for their own growth and 

multiplication (Rambaud et al. 2006). Taking part in these processes, it’s necessarily mentioned to 

amylolytic species (Bacteroides), cellulolytic species (Ruminococcus, Clostridium, Eubacterium, 

Enterococcus and Propionibacterium), xylanolytic species (Clostridium, Butyrivibrio and 

Bacteroides), pectinolytic species (Bacteroides, Bifidiobacterium, Eubacterium and Clostridium). 

In addition, many endogenous substrates that secreted by the host animal (mucopolysaccharides, 

mucins) were degraded by Bacteroides, Bifidobacterium, Ruminococcus based such enzymes as 

sialidase, specific α-glucosidase, β-D-galactosidase (Rambaud et al. 2006). 
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2.1.1.2. Protein metabolism 

Food proteins are hydrolysed to peptides and amino acids by gut bacteria proteases 

consisting of serine-, cystine- and metallo-proteases. Abundance of bacterial species which has 

proteolytic activity belongs to genera Bacteroides, Clostridium, Propionibacterium, 

Fusobacterium, Streptococcus, and Lactobacillus. Especially in ruminant, hydrolysed amino acids 

are degraded further to create organic acids, ammonia and carbon dioxide. The rumen bacteria used 

the resulted ammonia and some small peptides, free amino acids for synthesis of microbial proteins. 

Once these organisms travel through to abomasum and intestine, then, microbial proteins are 

digested and absorbed. The formation of microbial protein implicated an important point that 

bacteria can synthesize essential and non – essential amino acids which adapt to the host’s protein 

requirements (McDonald et al. 1995; Rambaud et al. 2006). 

 

2.1.1.3. Vitamin synthesis 

Gut bacteria also contribute partly to the vitamin synthesis. In ruminant, all the members of 

vitamin B complex and vitamin K are synthesized by rumen microorganisms. Vitamin B synthesis 

depends on the amounts of B vitamins supplied by feeds. This process enhances when feed-derived 

vitamin B is small, and conversely, decreases when vitamin B supply is relatively adequate. 

Therefore, in adult ruminant, these vitamins are independent of dietary source (McDonald et al. 

1995). 

 

2.1.2. Trophic function 

2.1.2.1. Epithelial cell growth and differentiation 

The role of gut bacteria on colonic physiology is based on their production of short chain 

fatty acids. A study of Alam et al. (1994) showed that the rate of crypt cells production decreased 

in colon of rats that were bred in germ-free environment than in conventional environment. It’s 

implicated that commensal bacteria influence cell multiplication in the colon (Alam et al. 1994). 

The differentiation of epithelial cells is affected by resident bacterial interactions (Hopper et al. 

2001; Guarner et al. 2003). Among fatty acids that stimulate cell proliferation and differentiation, 

butyrate inhibits cell proliferation but stimulates cell differentiation in neoplastic organ cell, and it 

also supports reversion from neoplastic to non-neoplastic phenotypes (Siavoshian et al. 2000; 

Guarner et al. 2003). Another study of Hooper et al. (1999) indicated that the Bacteroides 

thetaiaotamicron can secret a signal molecule stimulating the expression of fucose used as a 

nutrient resource by bacteria (Hooper et al. 1999; Callaway et al. 2012). The presence of B. 

thetaiotamicron is related to fucose expression among epithelial cells (Callaway et al. 2012). 
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2.1.2.2. Interactions between gut bacteria and host immunity 

The communication between gut bacteria and host at mucosal interface plays a role in 

development of immune system. Microbial colonization is considered to affect the composition of 

gut-associated lymphoid tissue. Components of gut bacteria have an important role in the postnatal 

immune system development. In the early post natal period, a transient physiological inflammatory 

response with expansion of the mucosal-associated lymphatic tissue was induced by components 

of gut bacteria (Hrncir et al. 2008; Hogenova et al. 2011). Early exposure to microbes induces 

expansion and development of immune cells and tissues; and diversity of microorganisms partially 

influence subsequent ability of immune system to respond to allergens and infection (Bjorksten et 

al. 2001; Callaway et al. 2012). Reports showed that bacterial colonization of animal bred in a 

germ-free environment indicated an enhancement in the production of specific antibodies, a high 

density of lymphoid cells in gut mucosa and an increase in circulating concentration of 

immunoglobulin in the blood (Butler et al. 2000; Guarner et al. 2003; Tannock et al. 2001; 

Stepankova et al. 1998; Hogenova et al. 2011). Hrncir et al. (2008) reported that the development 

of regulatory T lymphocytes depends on the presence of the dietary bacterial components. Germ-

free mice fed with small amount of lipopolysaccharide had fewer T lymphocytes (Hrncir et al. 

2008).  Interestingly, germ-free mice’s bacterial colonization also stimulates the biochemical 

maturation of enterocytes, creating an alternation of brush-border enzymes close to those in 

conventional mice (Stepankova et al. 1998; Hogenova et al. 2011). 

 

2.1.3. Protective function 

Resident bacteria can be considered as an essential line of resistance to exogenous microbes’ 

colonization, then, greatly relevant in prevention of pathogens. When the bacteria have an optimal 

composition, adherent non-pathogenic bacteria can compete for attachment sites in brush-border of 

intestinal cells in order to prevent attachment and invasion of the pathogenic microorganisms into 

epithelial cells and the circulation. As well, bacteria compete for nutrient availability and maintain 

their habitat by administering and consuming all resources. This symbiotic relationship between 

host-bacteria prevents undesirable overproduction of nutrient, which attract potentially pathogenic 

competitors. Finally, bacteria can inhibit the growth of their competitors by secreting antimicrobial 

substances – bacteriocins (Bernet et al. 1994; Hooper et al. 1999; Lievin et al. 2000; Guarner et al. 

2003; Hogenova et al. 2011). 

2.2. Temporal colonization of gut bacteria communities 

During early life, major changes take place in the composition of gut bacteria. The fetal 

intestine is sterile and soaked in amniotic fluid. At birth, the intestine is still sterile. Following 
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delivery, multiple antigens challenge intestine of newborn. Within a few hours, bacteria appear in 

the feces. Facultative aerobes rapidly colonize the intestinal tract, gradually, consumption of 

oxygen leads the intestinal environment into a reduced one, allowing strict anaerobes to sequentially 

colonize it (Bezirtzoglou et al. 1997; Farano et al. 2003; Penders et al. 2006; Dominguez-Bello et 

al. 2011; Koenig et al. 2011; Callaway et al. 2012). 

The climax intestinal bacterial composition is attained in successive stages. During passage 

through vagina new-born is exposed to maternal vaginal flora. According to studies, vaginal 

microbiota of mother and of the external ear canal of newborn showed the close qualitative and 

quantitative association; similar microbes were determined in 85% of mother–newborn pairs 

(Mandar et al. 1996; Farano et al. 2003). However, vaginal microbes usually do not settle in 

intestinal tract. The maternal intestinal flora is actually the source of bacteria for newborn.  But in 

fact, some neonates acquire bacteria from environment rather than from mother (Farano et al. 2003). 

The early and rapid colonization helps protect from pathogen invasion but the climax 

population establish for several years (Marques et al. 2010; Callaway et al. 2012). In adults, the 

composition of bacteria along digestive tract is determined by a gradient of oxygen from food and 

water consumption and a gradient from tissue into the lumen (Wilkinson et al. 2012; Callaway et 

al. 2012). In summary, establishment of gut bacteria is a complex process which is influenced by 

microbes-host interactions and by external and internal factors. The important extrinsic factors are 

bacteria of the environment, composition of maternal microbiota, diet, mode of delivery and 

medication, and the host-related factors like anatomical development of intestinal tract, peristalsis, 

bile acids, intestinal pH and immune systemic responses, microbial interactions and mucosal 

receptors (Mackie et al. 1999; Farano et al. 2003). The stability of intestinal microbiota changes 

throughout life (Spor et al. 2011; Claesson et al. 2011; Callaway et al. 2012). 

Recently, several studies have been carried out to investigate the composition of bacterial 

communities in newborn calves and their changes with growth stages throughout the animal’s life. 

Rumen and feces samples have been employed in this approaching (Jami et al. 2013; Li et al. 2012; 

Rey et al. 2013; Klein-Jobstl et al. 2014; Oikonomou et al. 2013). 

In ruminal bacteria of calves, the dominant phyla found in all age groups were Firmicutes, 

Bacteroidetes, and Proteobacteria (Jami et al. 2013). And, Rey et al. (2013) reported that three 

phyla Proteobacteria, Fusobacteria and Bacteroidetes changed significantly over time. At 2 days 

of age, Proteobacteria, Bacteroidetes and Firmicutes were the dominant phyla and accounted for 

70.4, 13.9 and 10.8% of total sequences, respectively (Fig. 2.1.). Jami et al. (2013) characterized 

that phylum Firmicutes in the samples taken from the 1–3-day-old-calves was abundant compared 

with the other groups, with the vast majority of the reads belonging to the genus Streptococcus. 
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This phylum decreased in the 2-month-old-calves and significantly increased again in the other 

older age groups. Phylum Bacteroidetes was significantly lower in samples taken from the 1–3-

day-old-calves compared with all other groups, but became the most abundant phylum in samples 

from older animals. The genus composition of this phylum also changed considerably between the 

age groups: in the newborn animals (1- and 3-day-old) it was mainly composed of the genus 

Bacteroides, whereas in the older age groups, it was almost exclusively composed of Prevotella. It 

indicated that the changes occurred in rumen ecosystem after birth, reflected by a decline in aerobic 

and facultative anaerobic taxa and an increase in anaerobic ones (Jami et al. 2013). In a report of 

Rey et al. (2013), from 3 days of age, Proteobacteria relative abundance fell rapidly, exhibiting the 

lowest values between 3 and 15 days, while the Bacteroidetes phylum became dominant (56.3%). 

Bacteroides became prominent genus, others were Prevotella, Actinobacillus, Fusobacterium, and 

Streptococcus (Rey et al. 2013). Several specific functional bacterial species like Ruminococcus 

flavefaciens, Ruminococcus albus could already be found in the first days of life in the pre-

functioning rumen. This proved that establishment in the rumen of bacterial species that are 

important for its proper function in adult animals begins on the first day of life, when animals are 

still being fed exclusively colostrum, before the intake of plant material (Jami et al. 2013). Ruminal 

function can be covered by different microbiota with quite different phylogenetic composition (Li 

et al. 2012). Hence, it is difficult to find relationships between bacterial community and ruminal 

functions or fermentation parameters (Rey et al. 2013). 

When calves began to eat concentrate, a fall in Bacteroides abundance (from 16.9% to 7.1% 

after one day) and an increase in Succinivibrio (from 0.2% to 2.1%). Succinivibrio was found 

positively correlated with concentrate intake. As the concentrate intake progressively increased, 

several dominant genera declined or no longer detected, including Granulicatella, Actinomyces, 

Bacteroides, Streptococcus, Gallibacterium, Fusobacterium and Pelistega. The Proteobacteria 

phylum increased to 27.6%. Prevotella genus and Coriobacterineae family increased to achieve 

41.5 and 2.9% relative abundances, respectively (Fig. 2.2). At the age of 1 month, calves ate more 

and more starter concentrate and started eating some hay leading to a significant increase in ruminal 

pH, cause disruption in the bacterial community: a selection phase of bacterial community would 

be set up with bacterial taxa that were more specific and adapted to these new substrates. Several 

genera belonging mainly to Proteobacteria and Firmicutes phyla, were no longer detected. At the 

same time, Dialister and Syntrophococcus increased to 1.2 and 0.6% relative abundances, 

respectively (Rey et al. 2013). However, in study of Jami et al. (2013), even though animals from 

the 6-month and 2-year-old groups received the same diet, their microbiota were still significantly 

different, which might indicate that at 6 months of age, the rumen microbiota undergoes 
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developmental changes that are independent of diet. Also, the study highlighted the mature rumen 

microbiota are more diverse, more specific, and more homogenous than that of primary microbiota 

which allows form more heterogeneity between different animals (Jami et al. 2013). 

 

 
Figure 2.1. Age classification of calf ruminal samples according to phyla relative abundance determined 
with TREE package of SYSTAT from birth to weaning, values expressed as mean percentages ± standard 
deviation of calf means. PRE indicates proportion of variability explained by division into age-classes. 
Significance of age in the repeated measurements analysis is referred as ***P ≤ 0.001, **P ≤ 0.01, NS for P 
> 0.05 (Rey et al. 2013). 
 

In fecal microbiota of calves from birth until weaning, the predominant phyla were 

Firmicutes, Bacteroidetes, and Proteobacteria. However, relative abundance was different across 

studies. Oikonomou et al. (2013) reported that Firmicutes was the major phylum in dairy calves, 

showing a prevalence that ranged from 63.84% to 81.90%, followed by Bacteroidetes (8.36% to 

23.93%), Proteobacteria (3.72% to 9.75%), Fusobacteria (0.76% to 5.67%), and Actinobacteria 

(1.02% to 2.35%). Klein-Jobstl et al. (2014) characterized Bacteroidetes (69.3%), Proteobacteria 

(15.7%), and Firmicutes (14.8%), accounting for 99.8% of all reads in case of Simmental calves 

(Fig. 2.3). The diversity of fecal microbiota was found increased with advanced age and solid feed 

consumption (Oikonomou et al. 2013; Klein-Jobstl et al. 2014). In dairy calves, the abundance of 

Firmicutes increased from the first to the fourth week of life and then progressively decreased. A 

reverse pattern was observed for Bacteroidetes prevalence. It is possible that these changes reflect 

the gradual adaptation of the calf gastrointestinal tract first to milk consumption and later to 

consumption of solid feed. An observation made at the genus level supports this assumption. The 

prevalence of Lactobacillus spp. (known to be related to digestion of milk) reached a 14.74% 

maximum during the fourth week of calf life and then progressively decreased to reach 2.15% 

during the seventh week. The prevalence of Bifidobacterium spp. (also known to be related to 

digestion of milk) showed a similar pattern. It is known that the consumption of solid feed by dairy 

calves significantly increases after the fourth week of calf life (Oikonomou et al. 2013). But in case 

of Simmental calves, while Bacteroidetes decreased, Firmicutes increased over time. The overall 
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Firmicutes to Bacteroidetes ratio was 0.2 varying between 0.1 and 0.4 during the different stages 

of growing, with a tendency to increase with age. Genus Bacteroides is dominant from birth until 

calves were provided concentrate to diet.; and generally, this genus was decreasing overtime. The 

same trend of variation was found in Lactobacillus with a significant decrease over time (Klein-

Jobstl et al. 2014).  

Faecalibacterium prausnitzii is a butyrate-producing microorganism. Butyrate has the 

highest energy value per mole of the major rumen volatile fatty acids, is extensively metabolized 

by the rumen epithelium, and has mitogenic effects on the epithelium during development. 

Additionally, butyrate concentrations were found to be higher in the rumen fluid of steers that 

showed higher feed efficiency. Klein-Jobstl et al. (2014) reported that in Simmental calves, 

Faecalibacterium spp. decreased significantly over time. Oikonomou et al. (2013) indicated that 

Faecalibacterium spp. prevalence during the first week of calf life was found to be significantly 

associated with body weight gain during the pre-weaning period. Calves with higher abundance of 

Faecalibacterium spp. in the first week of life had showed the lower incidence of diarrhea 

(Oikonomou et al. 2013). 

 

 
Figure 2.2 Age classification of calf ruminal samples according to genera relative abundance determined 
with TREE package of SYSTAT from birth to weaning, values expressed as mean percentages ± standard 
deviation of calf means. PRE indicates proportion of variability explained by division into age-classes. ND 
indicates not detected genera. Significance of age in the repeated measurements analysis is referred as ***P 
≤ 0.001, **P ≤ 0.01, *P ≤ 0.05, NS for P> 0.05 (Rey et al. 2013). 
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Figure 2.3. Median relative abundances of the three most abundant phyla during the six timepoints (12 
hours, 2 weeks, 3 weeks, 6 weeks after calving, one week before and after weaning) (Klein-Jobstl et al. 
2014). 
 
 

 
Figure 2.4. Aggregate microbiota composition at the phylum level by week of life (Oikonomou et al. 2013). 

 
 

2.3. Characterizing microbiota across gastrointestinal tract of ruminants 

The symbiosis between gastrointestinal bacterial communities and their mammalian host 

have been proved to have essential implications for overall animal health. The typical example of 

this relationship is exposed in the rumen of ruminants, where plant materials are digested in order 

to converse plant fibers into chemical compounds absorbed by the animal. Hence, the microbiota 

in bovine rumen have been examined extensively. In addition, fecal microbiota has been also 

studied due to the convenient sampling procedure. However, the role of microbiota in other 

segments such as small intestine and large intestine have received little consideration, and, limited 

understanding of characteristic microbiota in different parts along the gastrointestinal tract was 

achieved. Recently, there have been studies exploring the structure of microbiota across the 
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gastrointestinal tract of ruminant. These works have revealed there is a high intra-individual 

variation in the microbiota inhabiting within the different components of the gastrointestinal tract 

(de Oliveira et al. 2013; Mao et al. 2015; Zeng et al. 2017). 

 

 
Table 2.1.  Relative abundance of the 28 most abundant genera (relative abundance > 0.1%) of Simmental 
calves from birth to weaning (Klein-Jobstl et al. 2014). 

 

The symbiotic bacteria are traditionally including digesta-associated and mucosa-associated 

bacteria. These bacterial populations were supposed to interact with each other and contribute to 

host animal function.  

Total bacterial populations in various regions were estimated with a real-time PCR analysis. 

Regional sites affected bacterial density of dairy cattle significantly. Higher digesta-associated 

bacterial numbers were observed in the colon and omasum, and higher mucosa-associated bacterial 

numbers were present in the rumen and omasum. In addition, mucosa-associated bacterial densities 

in the jejunum, ileum, cecum, colon and rectum were significantly lower than in their corresponding 

digesta. However, digesta-associated bacterial numbers in the duodenum were lower than mucosa-

associated bacterial densities (Table 2.2) (Mao et al. 2015). 
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2.3.1. Microbial composition of digesta-associated population across gastrointestinal tract 

The gastrointestinal tract of ruminant was differentiated into three regions, namely the 

forestomach (rumen, reticulum, omasum, and abomasum), small (duodenum, jejunum, and ileum) 

and large intestine (cecum, colon, and feces).  

The diversity of microbiota was found higher in the stomach than in the small and large 

intestine. For instance, among different site along the gastrointestinal tract of dairy cow, rumen and 

abomasum harbored most of the phyla (19 phyla), while the lowest number was seen in cecum (12 

phyla) (Mao et al. 2015). In dairy cow, within the gastrointestinal tract, the most abundant phyla 

were Firmicutes (64.81%), Bacteroidetes (15.06%), and Proteobacteria (13.29%). At genus level, 

Prevotella (5.27%), Ruminococcus (3.29%), Acetitomaculum (2.89%), Butyrivibrio (5.06%), as 

well as those unclassified derived from Peptostreptococcaceae (16.9%), Ruminococcaceae 

(8.69%), Enterobacteriaceae (11.1%), Clostridiales (2.46%), Rikenellaceae (3.64%) and 

Bacteroidales (4.03%) were predominant (Table 2.3) (Mao et al. 2015).  

One report of Brazilian Nelore steer showed that the majority belonged to the phyla 

Firmicutes (41.22%), Bacteroidetes (33.51%), and Proteobacteria (12.15%). And, the most highly 

represented families included the Ruminococcaceae (11.14%), Lachnospiraceae (9.98%) and 

Prevotellaceae (8.67%) (de Oliveira et al. 2013). Zeng et al. (2017) indicated that in the 

gastrointestinal tract of Chinese Mongolian sheep harbored phyla Firmicutes (44.62%), 

Bacteroidetes (38.49%), Proteobacteria (4.11%), Spirochaetes (3.44%), and Euryarchaeota 

(1.78%); classes Clostridia (42.02%), Bacteroidia (37.30%), Spirochaetes (3.36%), Unclassified 

(2.80%), and Fibrobacteria (0.58%); 20 orders Clostridiales (42.01%), Bacteroidales (37.30%), 

Spirochaetales (3.26%), Unclassified (2.90%) and Methanobacteriales (1.83%); 38 families 

Ruminococcaceae (20.76%), Prevotellaceae  (16.60%), Lachnospiraceae (8.37%), Unclassified 

(6.88%), and Bacteroidaceae (5.23%); 40 genera Unknown (20.76%), Unclassified (19.92%), 

Prevotella (15.56%), Ruminococcus (6.35%), and Treponema (3.26%) and 18 species Unknown 

(63.42%) Unclassified (21.70%), Prevotella ruminicola (5.45%), Ruminococcus flavefaciens 

(3.63%), and Ruminobacter albus (1.72%) (Zeng et al. 2017). 
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Table 2.2. Total bacterial density (numbers per gram wet weight) throughout the gastrointestinal tracts of 
dairy cattle*. Note. Means within the same column with different subscripts are significantly different from 
one another. *Copy number of 16S rRNA gene (copy.g-1). ‡Sampling site effect on bacterial density 
throughout the GIT of dairy cattle. §Regional effect on bacterial density throughout the GIT of dairy calves 
(Mao et al. 2015). 

 
Although Firmicutes, Bacteroidetes, and Proteobacteria were found represented within 

gastrointestinal tract of ruminant, they varied considerably among regions in abundance and in the 

number of genera composing them. In steer, Bacteroidetes was found predominantly from the 

reticulum to abomasum, whereas Firmicutes dominate within the small intestine (duodenum, 

jejunum and ileum) and within the large intestine (cecum, colon and feces) (de Oliveira et al. 2013). 

The gastrointestinal tract of sheep indicated Firmicutes was higher in the small intestine than in the 

stomach and large intestine, while Bacteroidetes showed the opposite trend of variation. In phylum 

Firmicutes, the two genera Ruminococcus and Oscillospira were the most abundant across the tract.  

While genus Ruminococcus showed a decrease trend in abundance from the stomach (15.45% of 

total bacterial population), small intestine (4.03%), to larger intestine (1.99%), genus Oscillospira 

indicated a gradual increase in abundance from 1.94% of total population in the stomach, 3.03% in 

small intestine to 4.42% in large intestine. Genus Prevotella, the most predominant genus within 

phylum Bacteroidetes, showed great variation between segments. This genus accounted for 34.88% 

(of total bacterial population) in the stomach, decreased into 7.78% in the small intestine, and lightly 

increased again in large intestine (13.42%).  Genus Bacteroides was only detected in jejunum 

(9.27%), colon (10.63%), and feces (15.32%). The relative abundance of other genera [Prevotella], 

Parabacteroides, and CF231 were found greater from the segment of ileum to feces, while they 

were not detected at remarkable level in other segments (Zeng et al. 2017).  

In dairy cow, phylum Firmicutes dominated all bacterial communities along the tract except 

for in the duodenum, where Proteobacteria (53.9%) was predominant. Bacteroidetes was the 

second most prevalent in the forestomach, while Proteobacteria was the second most prevalent in 
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digesta samples of the jejunum, ileum, cecum and colon. Firmicutes was mainly composed of 

unclassified Ruminococcaceae (15.2%), unclassified Christensenellaceae (7.51%), and 

unclassified Lachnospiraceae (6.29%) in forestomach; unclassified Lachnospiraceae (6.06%), 

Buryrivibrio (8.19%), and Ruminococcus (4.41%) in small intestine; and, unclassified 

Peptostreptococcaceae (43.1%), Turicibacter (13.2%), and Clostridium (10.1%) in large intestine. 

Phylum Bacteroidetes was dominated by Prevotella (12.9%), unclassified Rikenellaceae (8.42%), 

and unclassified Bacteroidales (9.46%) in forestomach. High abundance of genus Prevotella in 

forestomach is thought to relate to its high genetic variability, which enables them to occupy various 

ecological niches within the rumen. However, the exact mechanism explaining the result that 

Prevotella was less abundant in small and large intestines is not clear yet. Phylum Proteobacteria 

was overwhelmed by unclassified Enterobacteriaceae in small intestine (27.3%), and large 

intestine (8.92%), but could not be detected at significant level in forestomach (Mao et al. 2015). 

 

2.3.2. Microbial composition of mucosa-associated population across gastrointestinal tract 

Gastrointestinal mucosa-associated microbiota could play important biological roles due to 

their close proximity to the animal host, but knowledge of their composition in cattle still is limited. 

Mao et al. (2015) indicated that significant differences in the diversity, composition, and structure 

of mucosa-associated bacteria communities among sections. Firmicutes (42.2%), Bacteroidetes 

(21%) and Proteobacteria (17.6%) were the most abundant phyla across the tract, and Firmicutes, 

Bacteroidetes, Proteobacteria, Actinobacteria, Tenericutes, Spirochaetae, Cyanobacteria and 

Lentisphaerae were found in all samples. Firmicutes dominated all mucosa-associated bacterial 

communities along the tract except for in the duodenum, where Proteobacteria (37.3%) was 

predominant. Bacteroidetes was the second most prevalent phyla in mucosal samples of the 

reticulum, omasum, abomasum, colon and rectum, whereas Proteobacteria was the second most 

prevalent in mucosal tissues of the rumen, jejunum and ileum. Firmicutes and Spirochaetae were 

the second most dominant phyla in mucosal samples of the duodenum and cecum, respectively. In 

Firmicutes, unclassified Ruminoccocaceae were found more abundant in forestomach (9.12%) and 

large intestine (16.1%) (Table 2.4). Unclassified Peptostreptococcaceae (6.32%), Anaerovibrio 

(4.05%) appeared predominant in large intestine. Butyrivibirio showed a higher abundance in 

rumen (12.1%) and reticulum (12.1%). As the mucosal butyrate producers release butyrate close to 

the epithelium, species of Butyrivibrio may enhance butyrate bioavailability for the host, which 

may be particularly useful in proliferating rumen and reticulum epithelium. The study highlighted 

the dominant presence of the aerobic bacterial genus Acinetobacter (12.1%), belonged to phylum 

Proteobacteria, in small intestine mucosa. This could be explained by the presence of oxygen at 
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the apical surface of the intestinal epithelial cells, representing a possible mechanism of exclusion 

of strictly anaerobic, extremely oxygen-sensitive microorganisms. In addition, the enrichment of 

genus Treponema (12.5%) (belonged to phylum Spirochaetae) in large intestine mucosa may have 

health implications. Treponema spp. has been reported that they were well adapted to oxidative 

stress. Additionally, Treponema spp. are believed to be associated with ulcerative mammary 

dermatitis and bovine digital dermatitis in cattle and contagious ovine digital dermatitis in. Thus, 

enhanced Treponema in large intestine mucosa could have deleterious effects on hindgut health 

(Mao et al. 2015). 

When comparing between digesta and mucosa samples of each region along gastrointestinal 

tract, significant differences in composition and structure of bacterial communities were observed. 

Mao et al. (2015) showed that higher digesta-associated bacterial numbers were observed in the 

colon and omasum, and higher mucosa-associated bacterial numbers were present in the rumen and 

omasum. In addition, mucosa-associated bacterial densities in the jejunum, ileum, cecum, colon 

and rectum were significantly lower than in their corresponding digesta. However, digesta-

associated bacterial numbers in the duodenum were lower than mucosa-associated bacterial 

densities.  

At the phylum level, the proportion of Firmicutes in the digesta of the forestomach, jejunum 

and large intestine was significantly higher than in their corresponding mucosal tissues. The 

abundance of Bacteroidetes was in the digesta of the rumen and reticulum, while it was lower in 

the digesta of the duodenum, jejunum and large intestine when compared with their corresponding 

mucosal tissues. Mucosal tissues of the forestomach and rectum presented higher proportions of 

Proteobacteria than their corresponding digesta samples, while digesta of the duodenum showed a 

comparatively higher proportion of Proteobacteria. At genus level, higher proportions of the 

predominant Prevotella, unclassified Ruminococcaceae, unclassified Enterobacteriaceae and 

unclassified Peptostreptococcaceae in the digesta-associated microbiota and a larger percentage of 

Butyrivibrio, Acinetobacter and Treponema in the mucosa. Previous studies revealed that the genus 

Prevotella, unclassified Ruminococcaceae and unclassified Peptostreptococcaceae might play 

important roles in feed digestion and that members of the genera Butyrivibrio, Acinetobacter and 

Treponema were more involved in epithelium proliferation and diseases (Mao et al. 2015). 
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Figure 2.5. Predicted function of the gut micorbiota in the sheep of GIT. KEGG pathways were shown in 
two heatmaps. The bootstrap Mann–Whitney u-test was used to detect the gene distribution with cutoffs of 
P < 0.05, FDR <0.2, Mean counts >10,000 (a) and P < 0.01, FDR <0.1, Mean counts >10 (b) (Zeng et al. 
2017). 
 

2.3.3. Microbial composition of food-associated population in related to bacterial 

communities across gastrointestinal tract 

There have been limited studies which involved in the relationship between food-associated 

and gut microbiota of cattle. de Oliveira et al. (2013) reported that corn and grass feed which 

provided to cattle was dominated by members of phylum Proteobacteria, and indicated no relation 

to gut microbiota of cattle across the gastrointestinal tract. According to the authors, this is not 

surprising given that the rumen, which is the first major organ that feed enters, is adept at selecting 

a very specific microbiota (Fig. 2.6). However, in human case, several studies have been carried 

out to shed light on the consequence of consumption of naturally fermented food. Lee et al. (1996) 

demonstrated that consumption of naturally fermented kimchi, which has been shown to have 

Lactobacillaceae and Leuconostocaceae as the dominant taxa (Jung et al. 2014), increased the 

population of Lactobacillus spp. and Leuconostoc spp. in human feces (Lee et al. 1996). Similarly, 

Han et al. (2015) found that intake of fermented kimchi raised up the populations of two phyla, 

Proteobacteria and Actinobacteria, and two genera Bacteroides spp. and Prevotella spp. in human 

feces (Han et al. 2015). 

 

2.3.4. Prediction of molecular function of microbiota across gastrointestinal tract 

The gastrointestinal microbiota presents many physiological functions that are lacking in 

the host, and therefore, they can be considered essential to cattle life. To gain insight into the 
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molecular functions of bacterial microbiota across cattle GITs, in many studies, PICRUSt was used 

to predict the metagenomic contribution of the communities observed. PICRUSt predicts 

metagenomic potential by imputing the available annotated genes within a known sequenced 

database, such as the Kyoto Encyclopaedia of Genes and Genomes (KEGG) and the Clusters of 

Orthologs Groups (COGs) catalogue, based on the presence/absence of OTUs in a 16S rRNA 

survey. With PICRUSt, one can calculate nearest sequenced taxon index (NSTI), which measures 

how closely related the average 16S rRNA sequence in an environmental sample is to an available 

sequenced genome. When this number is low, PICRUSt is likely to perform well in predicting the 

genomes of the organisms in an environmental sample.  

Using PICRUSt as a predictive exploratory tool, Mao et al. (2015) inferred that 39 gene 

families were identified in the digesta and mucosa-associated microbiota samples. The results 

indicated that molecular function of digesta- and mucosa-associated microbiota were differentiated 

between forestomach and intestine (except for rectum samples). The majority of the genes belonged 

to membrane transport (17.8% indigesta-associated microbiota and 17.6% in mucosa-associated 

microbiota, respectively), carbohydrate metabolism (10.68% in digesta, 10.8% in mucosa), amino 

acid metabolism (8.36% in digesta, 9.13% in mucosa), replication and repair (7.70% in digesta, 

7.62% in mucosa) and energy metabolism (4.69% in digesta, 4.84% in mucosa). The abundance of 

these genes is consistent with the general metabolic functions being essential for microbial survival. 

This study also revealed that significant differences in bacterial function among region across the 

gastrointestinal tract. For instance, in the digesta samples, the relative abundances of the genes 

involved in carbohydrate metabolism and replication and repair in the microbiota of forestomach 

samples were significantly higher than in the microbiota of the cecum and colon. In mucosal 

samples, there was a notable enrichment of genes related to amino acid metabolism in the 

duodenum when compared with those in the forestomach and large intestine. When comparing 

between digesta and mucosa, genes associated with amino acid metabolism were more enriched in 

the mucosa-associated microbiota than in their corresponding digesta. One possibility is that the 

mucosal tissue provides a decreased supply of carbohydrates and that bacteria may derive energy 

from amino acid fermentation, and the mucosal microbiota may be more necessary to amino acid 

degradation (Mao et al. 2015). 

Zeng et al. (2017) also used PICRUSt to predict bacterial functional across gastrointestinal 

tract of sheep. Genes related to carbohydrate metabolism and bacterial flagellar assembly 

(“Carbohydrate metabolism”, “Peptidoglycan biosynthesis”, “Ethylbenzene degradation”, 

“Geraniol degradation”, “Primary immunodeficiency”, “Arachidonic acid metabolism”, 

“Biosynthesis of siderophore group nonribosomal peptides”, and “Flagellar assembly”) were more 
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abundant in the stomach and small intestine than in the large intestine. Genes primarily related to 

the metabolism of cofactors and vitamins (“Membrane and intracellular structural molecules”, 

“Ubiquinone and other terpenoid-quinonebiosynthesis”, and “Adipocytokine signaling pathway”) 

were significantly abundant only in the stomach. And, two pathways (“Ether lipid metabolism” and 

“RIG-I-like recep- tor signaling pathway”) were significantly abundant only in the small intestine 

(Fig. 2.5) (Zeng et al. 2017). 

 

 

 

 
 

Figure 2.6. Distribution of 16S rRNA sequences from the feed and GIT of a Nelore steer. Depicted are 
sampling locations and the relative sequence abundances in phyla (de Oliveira et al. 2013). 
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Table 2.3. Comparison of the phyla in digesta samples across the gastrointestinal tract of dairy cattle (the multiple comparisons results were only presented for 
the phyla which average relative abundance ≥1% in at least one region). Mean in the same row with different superscripts represents a significant difference (P 
< 0.05) (Mao et al. 2015). 
 

ND, not detected*FDR: False discovery rate.

Phylum Rumen Reticulum Omasum Abomasum Duodenum Jejunum Ileum Cecum Colon Rectum SEM P value FDR* 

Firmicutes 50.49ef 53.86de 50.96ef 64.37cd 38.28f 68.52bc 67.49bc 79.15ab 83.71a 91.26a 2.211 <0.001 <0.001 
Bacteroidetes 42.39a 38.98a 40.59a 19.66b 1.78c 1.66c 1.31c 0.41c 0.99c 2.87c 2.353 <0.001 <0.001 

Proteobacteria 1.15e 1.12e 1.21e 3.48de 53.87a 17.49bc 26.86b 15.65bcd 10.62cde 1.4e 2.223 <0.001 <0.001 
Actinobacteria 1.27b 1.23b 1.13b 5.18b 4.29b 9.62a 3.12b 3.97b 3.32b 2.96b 0.402 <0.001 <0.001 

Tenericutes 1.43b 1.43b 2.11a 1.03b 0.2c 0.23c 0.24c 0.1c 0.18c 0.35c 0.096 <0.001 <0.001 
Spirochaetae 1.02b 0.91bc 0.59bcd 2.03a 0.06d 0.07d 0.04d 0.08d 0.31cd 0.27cd 0.089 <0.001 <0.001 

Lentisphaerae 0.35bc 0.3bc 0.5b 1.12a 0.05bc 0.14bc 0.05bc 0.01bc 0.01bc 0.01c 0.053 <0.001 <0.001 
Unclassified Bacteria 1.6bcde 1.67abcd 2.57a 2.23ab 1.23cdef 1.97abc 0.78def 0.59f 0.76def 0.68ef 0.105 <0.001 <0.001 
Chloroflexi 0.13 0.1 0.06 0.05 0.03 0.02 0.02 0.005 0.004 0.003 0.009 0.004 0.005 

Acidobacteria <0.001 ND ND ND ND ND ND ND ND ND <0.001 <0.001 <0.001 
Armatimonadetes 0.01 0.01 0.02 0.02 0.002 0.001 ND ND 0.003 ND 0.001 <0.001 <0.001 

Chlamydiae <0.001 ND ND ND ND ND <0.001 ND ND ND 0.000 0.537 0.537 
Chlorobi ND ND ND 0.01 0.01 ND ND ND ND ND 0.001 0.524 0.537 

Cyanobacteria 0.07 0.26 0.17 0.25 0.09 0.19 0.04 0.03 0.04 0.06 0.021 0.038 0.04 
Deinococcus-Thermus 0.002 ND <0.001 0.001 ND ND <0.001 ND <0.00 ND 0.000 0.003 0.004 
Elusimicrobia 0.02 0.01 0.04 0.09 0.003 0.003 0.001 ND ND <0.001 0.005 <0.001 <0.001 

Fibrobacteres 0.02 0.08 0.02 0.35 0.01 0.01 0.002 ND <0.001 0.003 0.019 <0.001 <0.001 
Fusobacteria 0.02 0.02 0.01 0.06 0.06 0.06 0.02 0.005 0.005 0.01 0.006 0.017 0.021 

Planctomycetes ND ND <0.001 0.03 0.02 ND ND ND ND ND 0.003 0.526 0.537 
Synergistetes 0.02 0.01 0.01 0.04 0.001 0.003 0.003 ND ND <0.001 0.002 <0.001 <0.001 

Verrucomicrobia 0.02 0.01 <0.001 0.01 0.002 0.003 0.01 0.02 0.05 0.13 0.007 <0.001 <0.001 
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Table 2.4. Comparison of the phyla in mucosal samples across the gastrointestinal tract of dairy cattle (the multiple comparisons results were only presented 
for the phyla which average relative abundance ≥1% in at least one region). Mean in the same row with different superscripts represents a significant difference 
(P < 0.05) (Mao et al. 2015). 
 

ND, not detected; *FDR: False discovery rate

Phylum Rumen Reticulum Omasum Abomasum Duodenum Jejunum Ileum Cecum Colon Rectum SEM P value FDR* 

Firmicutes 43.79ab 43.01ab 39.43ab 27.4b 34.21ab 42.24ab 52.15a 48.29ab 45.17ab 46.57ab 1.614  0.026  0.047 

Bacteroidetes 21.98bc 26.95ab 39.08a 20.95bc 10.33cd 7.87d 12.04cd 18.16bcd 21.75bc 30.94ab 1.438  <0.001 <0.001 
Proteobacteria 22abc 17.44bc 10.88bc 19.82abc 37.26a 27.84ab 18.27bc 7.92c 8.48c 5.69c 1.663  <0.001 <0.001 
Actinobacteria 0.81c 1.12c 1.88c 7.85ab 10.94a 12.62a 10.59a 3.09bc 1.85c 1.79c 0.686  <0.001 <0.001 
Spirochaetae 2.49bc 2.52bc 1.13c 1.27c 0.31c 0.63c 0.39c 18.75a 13.85ab 10.64abc 1.105  <0.001  <0.001 
Tenericutes 1.03b 1.16b 1.49b 17.95a 0.64b 0.56b 0.54b 0.55b 0.7b 0.84b 0.774  <0.001 <0.001 
Unclassified Bacteria 6.59 5.93 4.23 2.2 4.85 6.03 4.75 2.27 6.53 1.6 0.533  0.262  0.317 
Lentisphaerae 0.16b 0.29b 0.65b 1.06a 0.25b 0.48b 0.47b 0.28b 0.22b 0.31b 0.047  <0.001  <0.001 
Acidobacteria ND <0.001 ND <0.001 0.05 0.17 0.01 0.001 0.02 0.005 0.015  0.250  0.317 
Aquificae ND ND ND ND ND 0.001 ND ND ND ND 0.000  0.452  0.506 
Armatimonadetes 0.01 0.002 0.01 0.01 0.03 ND ND <0.001 0.002 0.01 0.002  0.085  0.130 
Chlamydiae ND ND ND ND ND <0.001 0.03 0.002 ND ND 0.002  0.225  0.305 
Chlorobi ND <0.001 ND ND 0.01 0 0.01 0.01 ND ND 0.001  0.635  0.635 
Chloroflexi 0.02 0.03 0.03 0.03 0.06 0.22 0.07 0.01 0.02 0.004 0.018  0.225  0.305 

Cyanobacteria 0.06 0.1 0.41 0.76 0.48 0.62 0.36 0.14 0.33 0.29 0.044  0.001  0.003 
Deinococcus-Thermus 0.01 0.07 0.005 0.01 0.28 0.21 0.03 0.01 0.01 0.003 0.023  0.045  0.074 
Elusimicrobia 0.08 0.13 0.13 0.18 0.03 0.07 0.1 0.02 0.02 0.02 0.010  <0.001 <0.001 
Fibrobacteres 0.1 0.13 0.36 0.28 0.01 0.04 0.06 0.07 0.08 0.14 0.018  <0.001 <0.001 
Fusobacteria 0.1 0.13 0.04 0.04 0.19 0.33 0.09 0.02 0.03 0.01 0.017  <0.001 <0.001 
Gemmatimonadetes ND ND ND ND ND  0.03 ND ND 0.004 0.004 0.003  0.462  0.506 
Planctomycetes 0.01 0.002 <0.001 ND 0.003 ND  ND  0.001 0.03 0.01 0.003  0.570  0.595 
Synergistetes 0.77 0.97 0.21 0.18 0.05 0.01 0.01 0.01 0.01 0.02 0.046  <0.001  <0.001 
Verrucomicrobia 0.01 0.01 0.03 0.01 0.03 0.03 0.04 0.39 0.9 1.13 0.092  0.016  0.031 
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2.4. Factors influencing gut bacterial communities 

2.4.1. Diet 

Diet has been the most concerned parameter which drives the composition and metabolism of 

the colonic microbiota. Especially, the great impact of amount, type and balance of the main 

dietary macronutrients (carbohydrates, proteins and fats) is noticed (Scott et al. 2013). 

 

2.4.1.1. Dietary carbohydrates 

Cumming et al. (1991) reported that approximately 40 g of dietary carbohydrates per 

day have been escaped from digestion by host enzymes (Cummings et al. 1991; Scott et al. 

2013). Many studies revealed that changing the amount and type of carbohydrate over periods 

(about four weeks) could create an extreme and rapid influence on the composition of the gut 

bacteria and its metabolites (Duncan et al. 2007; Russell et al. 2011; Walker et al. 2011; Scott 

et al. 2013), and dietary habit also makes an profound effect on bacterial composition. The 

studies of Qin et al. (2010) and of Yatsunenko et al. (2005) demonstrated that there has been a 

higher similarity between fecal bacteria of European and USA adults than that of South 

America and Malawi (Qui et al. 2010; Yatsunenko et al. 2012). The microbial communities of 

Malawians clusters were grouped together with those of Amerindian, but both were separated 

from USA adults’ communities (Yatsunenko et al. 2012). It could be explained that Malawians 

and Amerindian groups owned a diet consisting of a large amount of plant-derived 

polysaccharides in comparison with a protein-rich diet of USA adults. Another study of De 

Filippo et al. (2010) showed that microbiota of the African children was dominated by 

Bacteroidetes (73%) compared to 27% Bacteroidetes and 51% Firmicutes in the EU children 

(De Filippo et al. 2010). The dominant Bacteroidetes species of African children, which are 

adept at fermenting xylans and other components of plant fiber, belonged to Prevotella and 

Xylanibacter genera which were absent in EU children (Hogenova et al. 2011). 

Starch is a complex polysaccharide consisting of a mixture of amylose and amylopectin. 

The relative proportion of amylose and amylopectin also influences the bacterial composition 

to use different kinds of starch for growth (Scott et al. 2013). Mao et al. (2013) showed that 

when the proportion of dietary corn grain increased, the abundance of phylum Actinobacteria 

and Planctomycetes linearly decreased; phylum Firmicutes linearly increased; but there were 

no significant changes in the abundance of Bacteroidetes, Chloroflexi, Cyanobacteria, 

Proteobacteria and Tenericutes (Mao et al. 2013). The abundance and digestibility of starch in 

grains created a shift in microbial community structure in grain-fed animals. An observation in 

cattle announced that across an increasing starch gradient, the relative abundance of phylum 
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Firmicutes decreased and phylum Bacteroidetes increased, and, the bacterial composition 

composing to these phyla also changed (Shanks et al. 2011). 

 

2.4.1.2. Dietary proteins 

The colon is an active site of protein which provides nitrogen for growth of 

saccharolytic bacteria and amino acids for fermentation by saccharolytic species. In human 

feces, Bacteroides species and Clostridium perfringens, propionibacteria, streptpcocci, bacilli, 

staphylococci are determined as the predominant proteolytic bacteria. Amongst fecal bacteria 

Bacteroides species has strong pepsidase activity. And, several bacterial groups can ferment 

amino acids and possess weak saccharolytic activity like peptococci, acidaminococci, 

veillonella, and some fusobacteria, eubacteria, clostridia (Macfarlane et al. 1997; Walker et al. 

2005; Hamer et al. 2011; Scott et al. 2013). 

Fermentation of protein results in the production of various potentially toxic products, 

such as amines and ammonia, phenols, indoles, and often accompanies with growth of potential 

pathogens. Excessive protein intake has been related to stimulate the growth of pathogenic 

species like Clostridium perfringens, and to decrease amount of beneficial bifidobacteria (Rist 

et al. 2013). Principally, dietary protein becomes favorable for bacterial fermentation when it 

escapes the digestion by host enzymes (Libao-Mercado et al. 2009; Rist et al. 2013). The source 

of protein may influence the microbial fermentation. For instance, highly digestible proteins 

like casein are digested by host enzymes, so that they are not available for microbial 

fermentation. In case of plant proteins, they are usually not completely digested and certainly 

become available for microbial fermentation especially at higher dietary protein levels (Pluske 

et al. 2002). One study showed that protein source (soybean meal, casein) has no influence on 

bifidiobacteria, lactobacilli and clostridia in ileal digesta of weaned piglets, but these bacterial 

groups were increased in piglets fed with soybean meal-based diet (Rist et al. 2013). 

It has been suggested that increasing of carbohydrate supply can restrict proteolytic 

fermentation by enhancing bacterial proliferation, and then, utilization of peptides for bacterial 

proteosynthesis. Evidence from many studies indicated that a shift of carbohydrate:protein 

balance changes the profile of fermentation products, but changes in micobitota are still unclear 

(Bernalier-Donadille et al 2010; Scott et al. 2013). 

 

2.4.1.3. Dietary fat 

Zhang et al. (2012) have reported that the microbiota of mice fed with high-fat diet to 

induce obesity for 12 weeks and followed by a normal diet for 10 weeks has shown a different 
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microbial composition in obese group in high-fat diet but become indiscernible from control 

group after 10 weeks of normal diet treatment. Hence, the response of microbiota to the high-

fat diet indicated that microbiota responds to the diet not to the obese phenotype (Zhang et al. 

2012). 

Data obtained from animal showed that the high-fat diet can force an increase in 

Firmicutes and decrease in Bacteroidetes. Gut flora can be considered as an essential target to 

manipulate obesity and related diseases (D’Aversa et al. 2013). A study of Mujico et al. (2013) 

indicated that high-fat diet administration induced an increase in body weight, all groups of 

Firmicutes (phylum Firmicutes, Lactobacillus group and Clostridial cluster XIVa); an decrease 

in Bifidobacterium  spp. and the phylum Bacteroidetes. But for the high-fat diet administration 

supplemented with oleic acid-derived compound, the microbial changes were counteracted: a 

decrease in all groups of Firmicutes and an increase in Bifidobacterium spp. and the phylum 

Bacteroidetes, up to the level even higher than the control diet group. These data support a role 

for fatty acids related to obesity prevention (Mujico et al. 2013). 

 

2.4.2. Antibiotics usage 

Many antibiotics that have been used followed the idea of “detoxifying” the body by 

the rectal administration (Rambaud et al. 2006). They can reach the colon directly or after 

entering an enterohepatic cycle, and create an impact on the microbiota depending on class, 

spectrum or pharmacological properties. Hence, the adverse effects may happen: decreasing 

capacity of fermentation (increasing risk of diarrhea), decreasing in the barrier effect 

(increasing risk of the emergence of pathogens) and the occurrence of antibiotic resistance 

(Rambaud et al. 2006; Perez-Cobas et al. 2013). Perez-Cobas et al. (2013) reported that specific 

properties of antibiotics such as mode of action forced the selection of intestinal microbiota, 

and were responsible for the changes of bacterial composition during therapy. This study was 

carried out with 4 patients (A, B, C and D) who were treated different kinds of antibiotics 

owning bactericidal, antimicrobial and bacteriostatic effect. In patient A (treated with cell 

replication inhibitor antibiotic), both total (16S rRNA gene) and active (16S rRNA transcripts) 

microbiota indicated high dominance of the families Lachnospiraceae and Ruminococcaceae 

during treatment. Treatment of patient B (inhibitor of protein synthesis) resulted in high 

presence of Enterobacteriaceae and in active microbiota, there was an increase of Bacteroides 

genus after 5-day treatment. For patient C (cell envelop synthesis inhibitor antibiotic), 

Oscillibacteriaceae, Ruminococcaceae, Rikenellaceae and Bacteroidaceae were seen as the 

most abundant taxa. The first significant change in this case took place on day 6 with an increase 
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in Parabacteroides.  And, on day 10 after treatment, Enterobacteriaceae and Enterococcaceae 

families increased. In patient D (cell envelop synthesis inhibitor antibiotic), Enteriobacteraceae 

and Ruminococcaceae were the most popular at the initial composition but, after that, were 

extremely affected by antibiotics due to an increase in resistant bacterial taxa of Bacteroides 

genus. After all, the bacterial composition and abundance of patients who suffered bactericidal 

antimicrobial agent (A, C and D) clustered together, and apart from those of patient who 

received bacteriostatic antibiotic (B) (Perez-Cobas et al. 2013). For the infant in the study of 

Penders et al. (2006), during the first 1 month of life, oral use of antibiotics resulted in a 

decrease of bifidobacteria and Bacteroides fragilis group species (Penders et al. 2006). A 

different study indicated that antibiotics created a suppression of all anaerobic bacteria, except 

for clostridia, and increased levels of Klebsiella, Enterobacter, Citrobacter and Pseudomonas 

spp. The action of antibiotics on bacterial communities is selective and its impacts can maintain 

even after the treatment has been terminated (Fanaro et al. 2003). 

 

2.4.3. Prebiotics and probiotics 

Prebiotics are defined as non-digestible food ingredients that are resistant to digestion 

and absorption, are fermented by cecal/colonic microbiota, and selectively stimulate growth 

and/or activity of bacteria that contribute to colonic and host health (Callaway et al. 2012). It’s 

focused on oligosaccharides as health-promoting substrates, which can be food additives 

because of their low caloric value and ability of enhancing mineral absorption. Many 

oligosaccharides can modulate microbiota of large bowel by increasing bifidobacteria and 

lactobacilli populations and decreasing clostridia populations. There are three oligosaccharides 

classified as prebiotics: fructans, galactooligosaccharides and lactulose. Yusrizal et al. (2003) 

showed that supplementation of fructans created an improvement in weight gain, carcass weight 

and an increase in lactobacilli counts, concomitantly, a decrease in Campylobacter and 

Salmonella (Yusriszal et al. 2003; Gaggia et al. 2010). Another study reported the decrease of 

Clostridium perfringens number and bacterial endotoxin levels due to adding 0.5% of fructan-

rich jerusalem artichokes syrup to drinking water in broilers (Kleessen et al. 2003; Gaggia et 

al. 2010). 

Probiotics are defined as a preparation or a product containing viable, defined 

microorganisms in sufficient numbers, which alter the microbiota (by implantation or 

colonization) in a compartment of the host and by that exert beneficial health effects in this host 

(Schrezenmeir et al. 2001; Callaway et al. 2012). 
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The practice of supplementing probiotics and prebiotics to domestic animals during 

their growth becomes more widespread. It is possible that effectiveness of probiotics and 

prebiotics in some animal species may be an indirect consequence of speeding up the 

establishment of the dominant microbiota characteristic of the adult gastrointestinal tract. A 

study of Siew et al. (2013) showed that treatment of probiotics mix VSL#3 (contained 900 

billion viable lyophilized bacteria consisting of four strains of Lactobacillus (L. casei, L. 

plantarum, L. acidophilus and L. delbrueckii subsp. bulgaricus), three strains of 

Bifidobacterium (B. longum, B. breve and B. infantis), and one strain of Streptococcus 

(Streptococcus salivarius subsp. thermophilus)) demonstrated a significant reduction of 

Bacteroides and improved evenness of microbial profile (Ng et al. 2013). Younts-Dahl et al. 

(2004) reported a large-scale trial of steers fed with a standard steam-flaked corn-based 

finishing diet containing L. acidophilus NP51 demontrated a reduction of E. coli O157 fecal 

shedding by 57% (Younts-Dahl et al. 2004). Another field trial clearly showed that E. coli 

O157:H7 fecal shedding decreased (35%) in beef cattle, following daily administration of L. 

acidophilus NP51 (Peterson et al. 2007). Higgins et al. (2007) found that Lactobacillus-based 

probiotic cultures significantly reduced Salmonella enteritidis recovery in challenged neonatal 

broiler chicks but there were no relevant results towards S. typhimurium (Higgins et al. 2007; 

Higgins et al. 2008). 

 

2.4.4. Host-related factors 

In intestinal tract, the abiotic ecological factors controlling the microbiota are acidity, 

bile, pancreatic and intestinal secretions, mucus and defensins. Gastric acid secretion is the 

essential defense factor against colonization of the gastrointestinal tract by pathogens. Intestinal 

infection extremely increased in case of achlorhydria or administration of anti-secretory therapy 

because the number of bacteria needed for a trigger of infection is decreased (Marteau et al. 

1997; Rambaud et al. 2006). Resistant ability to acid are greatly different among 

microorganisms, and some can survive through the stomach, which are selected as probiotics. 

Biliary acids and pancreatic juice also have affected bacterial membranes because of their 

antimicrobial properties (Drouault et al. 1999; Rambaud et al. 2006). The influence of mucus 

and defensins is still poorly understood. Mucus performs a physical barrier between lumen and 

epithelial cells of stomach, intestine and the colon. The secret of mucus, which is viscous, 

composed of mucoglycoprotein polymer, is decreased by fasting and total parenteral feeding. 

Bacterial flora can change its composition and properties by not only partial degradation but 

also influencing its synthesis. Mucus creates a physical barrier and also concentrates many 
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antimicrobial substances such as secretory immunoglobulin A, lactoferrin, lactoperoxidase and 

lysozyme. Besides, some of its sugars which can mimic bacterial receptors have the ability to 

bind various microorganisms. Defensins are antimicrobial peptides, acting by destroying the 

bacterial cell membrane, especially against E. coli, Listeria monocytogenes, Salmonella and 

Candida albicans (Ganz et al. 2003; Rambaud et al. 2006). However, their possible action on 

the saprophytic microbiota is not known. 

Intestinal immune system has the function of controlling the pathogenic intestinal 

microbiota, indicated by the observation of disturbances in pathogenic flora in immune-

deficient hosts. Hence, in case of IgA selective deficiency or common variable 

immunodeficiency, recurrent intestinal infection is increased. Depending on the severity of 

immune deficiency, the risk of bacterial colitis (Campylobacter jejuni and coli, Salmonella, 

Clostridium difficile), and then, cytomegalovirus infections, infections with different protozoa, 

mycobacteria or fungi is observed (Rambaud et al. 2006). 

Differences in small intestine and colon’s motility are responsible for the primary 

localization of microbiota. In adult animals, there is a gradient of oxygen from food and water 

consumption and from tissues into lumen that has effects on bacterial composition along 

digestive tract (Wilkinson et al. 2002; Callaway et al. 2012). There is an increase in total 

numbers of bacteria along the small intestinal tract, in the cecum, and in the proximal and distal 

large intestine resulting in falcutative microorganism being <0.01 – 1.0% of total population 

(Callaway et al. 2012). 

A study of Khachatryan et al. (2008) showed the link between host genotype and the 

corresponding shifts in the gut microbiota. Mutations in a single host gene named MEFV 

(Mediterranean fever), which is involved in regulation of innate immunity, lead to specific 

restructuring of commensal gut microbiota. Analysis of gut bacterial diversity revealed highly 

specific, well-separated and distinct grouping, which depended on the allele carrier status of 

the host (Khachatryan et al. 2008). Guan et al. (2008) reported the important role of host 

genetics in rumen microbial structure. Analysis of detectable bacterial PCR-DGGE profiles 

showed that efficient steers (who have low residual feed intake) clustered together and were 

clearly separated from those obtained from inefficient steers (who have high residual feed 

intake), implicating that specific group may only inhabit in efficient steers. Likewise, the 

similarity of bacterial component in the rumen of efficient steers (91%) was more than those of 

inefficient steers (71%) (Guan et al. 2008). In another study, Li et al. (2016) examined the 

rumen microbiota of the parents and their offspring using the hybridization of sika deer and elk. 

The results indicated microbiota of the hybrids significantly differed from that of their parents, 
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suggesting the rumen microbiota were largely affected by host genetics, which may be related 

to the transmission of microbiota to the offspring during birth (Li et al. 2016). 

 

2.4.5. Other factors 

Penders et al. (2006) reported that delivery and birth characteristics have influence on 

infant’s microbiota. Infant who was born through cesarean section had lower colonization rates 

and counts of bifidobacteria and Bacteroides fragilis group species, whereas prevalence and 

counts of Clostridium difficile and counts of E. coli were higher in comparison with vaginal 

delivery (Penders et al. 2006). However, the influence of delivery methods is less effective in 

developing countries because of some reports showed the same early colonization with 

enterobacteria in newborns delivered either vaginally or by caesarean section, in the hospital or 

at home (Adlerberth et al. 1991; Mackie et al. 1999; Fanaro et at. 2003). Preterm birth infants 

were colonized more often by C. difficile with higher counts compared with term infants. 

Formula – fed infants showed the colonization of E. coli, C. difficile, B. fragilis group and 

lactobacilli more than breastfed infants (Penders et al. 2006). Staphylococci have been found 

more frequently in breastfed infants, compared to bottled-fed infants (Fanaro et al. 2003). 

Another study of Harmsen et al. (2000) reported that in all breastfed infants the flora was 

dominated by bifidobacteria, whereas similar numbers of Bacteroides spp. and bifidiobacteria 

were found in most formula-fed infants (Harmsen et al. 2000; Fanaro et al. 2003). Interestingly, 

infants who have older siblings owned lower total bacterial counts per gram of feces than that 

of infants who had no sibling. Moreover, infants with older siblings indicated the greater 

proportion of bifidobacteria compared with infants without siblings (Penders et al. 2006). 

Shanks et al. (2011) emphasized the role of management practices to community 

structures of fecal bacteria in cattle. Data suggested that animals subjected to similar 

management practices are more closely associated with one another than with animals from 

different groups. Respective key metabolic processes are most likely linked to particular 

management practices rather than to site-specific attributes, such as water source, elevation, 

humidity, or other factors closely associated with a particular geographic location (Shanks et 

al. 2011). The role of geography in shaping diversity of the gut microbiota was confirmed in 

case of house mice and human. Lewis et al. (2017) indicated that 8.4% of total variation of the 

fecal microbiota of breast-fed infants from Armenia and Georgia was contributed by the 

differences in location. Armenian infants had more Enterobacteriaceae, Planococcaceae, 

Streptococcus, Enterococcus, Bacteriodes, Clostridium, and Staphylococcus than those of 

Georgian infants (Lewis et al. 2017). In house mice, Linnenbrink et al. (2013) determined the 
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most significant contributing factor to microbial diversity between individuals to be geography, 

as measured by the distance between sampling sites. The authors showed that the variation of 

not only digesta-associated microbiota (11%) but also mucosa-associated microbiota (16%) 

was derived from geographic distance. The geography might be viewed as an approximation 

for the sum of environment effects such as local weather patterns, food intake, and behavior, 

culture in case of human. Therefore, the mechanism which drive the differences in the gut 

microbiota has not been identifiable yet (Linnenbrink et al. 2013). 
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CHAPTER 3 

CHANGES IN GUT MICROBIOTA OF HOLSTEIN HEIFERS  

DURING GROWING STAGE 

 

 

3.1. Abstract 

Fecal microbiota of seven Holstein heifers was examined during growing stage, wherein 

weaning and commencement of silage feeding were practiced. Denaturing gradient gel 

electrophoresis (DGGE) and quantitative PCR (qPCR) were employed for microbiota analyses. 

Populations of total bacteria and Bacteroides-Prevotella-Porphyromonas, Clostridium XIVa, 

and Clostridium I&II groups were relatively stable in abundance during the growing stage, and 

those of Lactobacillus and Bifidobacterium groups decreased after weaning. Regarding bacterial 

composition, distinctive changes were shown after weaning in all bacterial taxa examined, 

whereas no changes were observed thereafter. The composition of Lactobacillus group changed 

over the growing stage, while maintaining high similarity between individual heifers. These 

findings indicated that weaning had a marked influence on the gut microbiota especially in the 

composition. Management during this transition period may be critical in shaping gut 

microbiota, whereas silage microbiota would have no effects. 

 

3.2. Introduction 

During early life, the primary colonization of bacteria is rapid but the climax microbiota 

population is gradually established over the time. Efficient growth of pre-weaned dairy calf is 

a precondition for the optimal performance in post-weaning period and further productivity 

(Soberon et al. 2012). The perception that calf microbiota is related to growth and health were 

indicated (Donovan et al. 2002), that inferred to the development of the immune system, the 

influence on host’s physiology, including energy balance (Mazmanian et al. 2005; Backhed et 

al. 2004). A newborn calf is considered as a non-ruminant from a functional viewpoint. Calf 

relied almost on milk or milk replacer and a small amount of solid feed as a negligible level 

during the early weeks of life. Later, since weaning, the calf started increasing amount of solid 

feed, that supporting to the development of the forestomach, and leading to full function of a 

ruminant. These changes in anatomy and physiology of the gastrointestinal tract are 

accompanied with the succession of gastrointestinal microbiota. The transition of diet from 

milk to solid feed, for instance, roughage and concentrates, has also been demonstrated a 

substantial effect on the gastrointestinal microbiota (Callaway et al. 2010). Although several 
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studies had been conducted to clarify the establishment of gut microbiota in early life after 

calving, most of them focused on the very early time of colonization of gut microbiota in pre-

weaned calves (Li et al. 2012; Oikonomou et al. 2013; Rey et al. 2013; Klein-Jobstl et al. 2014). 

Others focused on the development of gut microbiota in bovine from birth to adulthood by 

examining different groups of age (Jami et al. 2012). The sequential succession of gut 

microbiota during growing stage in dairy calves has not been elucidated.  Hence, in this study, 

feces samples were repeatedly collected from seven Holstein heifers prior and posterior to 

weaning, and at the termination of growing stage to examine sequential changes taken place in 

gut microbiota during growing stage. 

 

3.3. Materials and Methods 

Feces sample collection and DNA extraction – Seven Holstein heifers were involved in this 

study. Feces samples were taken repeatedly three times during growing: prior and posterior to 

weaning, and at the termination of growing stage (3 weeks, 4 months, and 8 months after 

calving). At the third sampling time, calves had already started to take silages. Feces samples 

were kept on ice and transferred to laboratory, and further stored at -30oC for downstream 

processing. 

Bacterial DNA was extracted from 200 mg frozen feces sample using repeated bead beating 

plus column method (Yu and Morrison, 2004). 

PCR amplification – Extracted DNA was subjected to PCR with universal primers including 

GC357f (5’-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGCCTACG 

GAGGCAGCAG-3’) and 517r (5’-ATTACCGCGGCTGCTGG-3’) for V3 region 

amplification. PCRs were also performed using the primer pairs of Bac303f (5’-GAAGGTC 

CCCCACATTG-3’) and Bac708r (5’-CAATCGGAGTTCTTCGTG-3’) for targeted 

Bacteroides-Prevotella-Porphyromonas community (Bartosch et al. 2004), Clost-f (5’-

AAAGGRAGATTAATACCGCA TAA-3’) and Clost-r (5’-TTCTTCCTAATCTCTACGCA-

3’) for targeted Clostridium cluster I&II community (Hung et al. 2008), Lab159f (5’-GGAAA 

CAGRTGCTAATACCG-3’) and Lab617r (5’-CACCGCTACACATGGAG-3’) for targeted 

Lactobacillus community (Heilig et al. 2002), and Bif 164f (5’-GGGTGGTAATGCCGGATG-

3’) and Bif 601r (5’-TAAGCGATGGACTTTCACACC-3’) for targeted Bifidobacterium 

community (Bernhard et al. 2000). Nested PCRs were employed with universal primers on 

previous generated products from amplification of Bacteroides, Clostridium and Lactobacillus 

groups. PCR products were separated by electrophoresis on 2% agarose gel including ethidium 

bromide. 
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DGGE analysis – PCR products were separated by DGGE by using the DCode Universal 

Mutation Detection System (Bio-Rad Laboratory Inc.). Polyacrylamide gels consisted of 8% 

(v/v) polyacrylamide. Denaturing gradient (Urea and Formamide) of 25 - 50% was used for the 

separation of the generated. Electrophoresis was performed for 8 h at 150 V in TAE buffer at a 

constant temperature of 60°C. Gels were stained with SYBR Green, observed by UV 

transilluminator and photographed. 

Species identification – PCR amplicons (with 357f (without GC clamp) and 517r primers) 

resulted from excised bands on DGGE gel were purified using FastGene® Gel/PCR Extraction 

Kits (Nippon Genetics Co., Ltd., Japan) according to the manufacturer’s instructions, inserted 

in to pTAC–1 vector and cloned into Escherichia coli strain DH5α competent cells 

(DynaExpress TA Cloning Kit; BioDynamics Laboratory Inc., Tokyo, Japan). Positive white 

clones are randomly selected and confirmed for the presence of expected size inserts by PCR. 

Subsequently, positive colonies were sub-cultured into LB broth media. Extracted plasmids 

should be employed for a new PCR amplification followed by purification. To enhance the 

quality of sequencing, the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied 

Biosystems) was used according to the manufacturer’s instructions. DNA sequences were 

analyzed using an ABI PRISM 3130 sequencer (Applied Biosystems Inc., Foster City, Calif., 

U.S.A.). The Basic Local Alignment Search Tool (BLAST) program andGenBank databases 

were used to determine the closest relatives of partial 16S rRNA gene sequences. Unknown 

sequences that shared greater than 98% identity with a sequence in the BLAST database were 

considered as identified. 

Quantitative PCR – A master mix for total quantification (357f (5’-ACGGGGGGCCTACGGA 

GGCAGCAG-3’) and 517r (5’-ATTACCGCGGCTGCTGG-3’)), Bacteroides-Prevotella-

Porphyromonas population (BPP fwd (5’-GGTGTCGGCTTAAGTGCC AT-3’) and BPP rev 

(5’-CGGA(C/T)GTAAGGGCCGTGC-3’)), Clostridium cluster I&II population (Cl-perf fwd 

(5’-ATGCAAGTCGAGCGA(G/T)G-3’) and Cl-perf rev (5’-TATGCGGTATTAATCT 

(C/T)CC TTT-3’)), Clostridum cluster XIVa (Clost-Eub fwd (5′-CGGTACCTGACTAAGAA 

GC-3′) and Clost-Eub rev (5′-AGTTTYATTCTTGCGAACG-3′)), Lactobacillus population 

(Lact fwd (5’-AGCAGTAGGGAATCTTCCA-3’) and Lact rev (5’-CACCGCTACACATGG 

AG-3’)), Bifidobacterium population (Bifdo fwd (5′-TCGCGTCYGGTGTGAAAG-3′) and 

Bifdo rev (5′-CCACATCCAGCRTCCAC-3′)) (Rinttilä et al. 2004) was prepared for each well 

contained following reagents: 2 x KAPA SYBR FAST qPCR Master Mix Universal (Kapa 

Biosystem Inc.) that contained integrated antibody-mediated hot start, SYBR Green I 

fluorescent dye, MgCl2, dNTPs, forward and reverse primers, and distilled water to a total of 
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23 µl per well. To these, 2 µl of each sample or standard was added, and the plates were briefly 

spun down and placed in MiniOpticon Real-Time PCR Detection System (Bio-Rad Laboratory, 

Inc.) for analysis. Amplification programme involved an initial denaturation step at 95oC for 5 

min, followed by 35 cycles of denaturation at 95oC for 15s, primer annealing at optimal 

temperatures for each target bacterial group for 20 s, extension at 72oC for 30 s and an additional 

incubation step at 80-85oC for 30s to collect the fluorescent data (Rinttilä et al. 2004). 

Statistical analysis – Binary matrix resulted from DGGE banding patterns of Lactobacillus 

group was created to describe the presence or absence of individual band in all lanes. Resulted 

binary matrix was engaged to create Cluster Analysis to demonstrate similarity and differences 

between sampling times and individual calves, using Primer version 7 with Permanova + add-

on software (Primer-E, Plymouth Marine Laboratory, and Plymouth, UK). Data for bacterial 

population were subjected to repeated measures of ANOVA and mean values were separated 

by Tukey’s multiple range test. All data are presented as means with their standard deviation. 

 

3.4. Results 

3.4.1. Changes in bacterial population and structure during growing stage 

Total bacterial population, the major bacterial groups (Bacteroides-Prevotella-

Porphyromonas; Clostridium XIVa), pathogenic group (Clostridium I&II), and so-called 

beneficial groups (Bifidobacterium, Lactobacillus) were examined during growing stage of 

seven Holstein heifers (Table 3.1). In general, bacterial number was relatively stable during 

growing stage for total bacteria, Bacteroides-Prevotella-Porphyromonas, Clostridium XIVa, 

and Clostridium I&II population. These populations showed a light decrease after weaning and 

increase again in bacterial number after taking silage (Changes were not significant). Only 

Lactobacillus and Bifidobacterium population indicated a significant decrease in number after 

weaning (Table 3.1). 

 Cluster analysis results showed that similarity of total bacterial structure of Holstein 

heifers increased after weaning and no change was observed thereafter. Taking an insight into 

individual groups, the changing pattern was different between groups. Bacteroides-Prevotella-

Porphyromonas, Bifidobacterium and Clostridium I&II groups formed two clear separated 

groups before and after weaning point. This indicated these bacterial structures were influenced 

by weaning than silage taking. Lactobacillus group showed significant changes in structure 

over the growing stage. This was demonstrated by three different groups at each sampling time, 

while maintaining synchronized composition between calves (Fig. 3.3). 
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Table 3.1. Quantification PCR results (log 16S rRNA gene copy number/g fresh matter) of total bacteria, 
Bacteroides-Prevotella-Porphyromonas, Clostridium cluster XIVa, Clostridium I&II, Bifidobacterium, 
and Lactobacillus population (Period 1, 2, and 3 - 3 weeks, 4 months and 8 months after calving, 
respectively). 

Results are means ± standard deviation of seven samples in every sampling time. Samples that are 
labeled by different characters are considered statistically different. 
 

  DGGE profile and species identification of Lactobacillus community were represented 

in Figure 3.3. Banding pattern was different between periods. Composition of this community 

also changed during growing. Before weaning, Lactobacillus community was dominated by L. 

delbrueckii (band 1), L crispatus (band 3), Faecalicoccus pleomorphus (band 5), L. gasseri 

(band 6), Streptococcus constellatus (band 9), L. amylolyticus (band 10), F. acidiformans (band 

11), S. constellatus (band 12), L. johnsonii (band 13, 14). After weaning, only few of these 

bacterial species were further maintained their presences, for instance, L. gasseri (band 6), L. 

amylolyticus (band 10), L. johnsonii (band 13). And, several species newly appeared instead, 

such as uncultured bacterium (band 2), L. jonhsonii (band 4), L. pontis (band 8). When animals 

took silages, L. gasseri (band 6) was gone, L. pontis (band 7) exclusively came to sight at this 

period in several heifeirs (Fig. 3.3). 

 Bifidobacterium community were also examined as Figure 3.4. The diversity of 

Bifidobacterium community was increased after weaning. Before weaning, this 

Bifidobacterium community was varied between calves, several species (band 2, band 6, B. 

boum-band 7, B. pseudocatenulatum-band 8, and band 9) was found in this period. After 

weaning, Bifidobacterium structure became similar between calves and there was no significant 

difference after calves consumed silage. B. longum (band 1), B. pseudolongum (band 4), and 

uncultured bacterium (band 5) were steadily present at period 2 and 3 in several calves (Fig. 

3.4.). 

 

3.4.2. Comparison between Holstein heifers and Japanese Black calves 

The same examination was conducted for Japanese Black calves at the same periods 

during growing stage. The simple comparison was carried to understand the dynamic changes 

in gut microbiota regarding to breed. In general, similarity between cattle appeared to increase 

 
Total 

bacteria BPP Clostridium 
XIVa 

Clostridium 
I&II Bifidobacterium Lactobacillus 

Period 1 10.7 ± 0.66 10.1 ± 1.59 9.42 ± 1.18 6.19 ± 0.56 8.83 ± 0.62x 6.28 ± 0.48x 
Period 2 10.6 ± 0.28 9.91 ± 0.34 8.96 ± 0.39 6.17 ± 0.30 7.85 ± 0.16y 5.39 ± 0.25y 

Period 3 11.1 ± 0.17 10.5 ± 0.31 9.30 ± 0.24 6.02 ± 0.84 8.51 ± 1.11xy 5.67 ± 0.20y 
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after weaning period for both Japanese Black calves and Holstein heifers. While Holstein 

heifers revealed significant changes in composition before and after weaning, Japanese Black 

calves showed changes in bacterial structure at every single sampling time (Fig. 3.2). 

The changing pattern of individual groups was different between breeds. In Japanese 

Black calves,� Bacteroides-Prevotella-Porphyromonas and Clostridium I&II communities 

showed different banding pattern at every sampling time. Cluster analysis indicated that calf-

to-calf variation of Bacteroides-Prevotella-Porphyromo composition became the lowest at the 

termination of growing period (period 3). However, in Clostridium I&II, the community 

showed the highest synchronization between individuals at 4 months (Fig. 3.2). The other 

periods inferred the differences in composition among individual calves. Interestingly, in both 

breeds, Lactobacillus community showed significant changes in diversity over the growing 

stage while maintaining synchronized composition between calves. 

 

Figure 3.1. Cluster analysis results for Lactobacillus, Bifidobacterium, Clostridium cluster I&II, 
Bacteroides-Prevotella-Porphyromonas, and total bacterial community structure based on DGGE 
banding patterns of seven Holstein heifers (A, B, C, D, E, F, G, and H) during growing stage (1, 2, and 
3 - 3 weeks, 4 months and 8 months after calving, respectively). 

 

Japanese Black calves also disclosed changes taken place in bacterial population (Fig. 

3.5). Total bacterial number tended to increase after weaning, whereas Lactobacillus population 
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decreased after weaning and reduced their size with advancement of age. Nevertheless, 

population size decreased in all cases at the last period. On the contrary, in Holstein heifers, 

bacterial population was relatively stable. Only Lactobacillus population showed the same 

trend of changing across periods (Fig. 3.5). 

 

 

Figure 3.2. Cluster analysis results for Lactobacillus, Bifidobacterium, Clostridium cluster I&II, 
Bacteroides-Prevotella-Porphyromonas, and total bacterial community structure based on DGGE 
banding patterns of seven Japanese Black calves (A, B, C, D, E, F, G, and H) during growing stage (1, 
2, and 3 - 3 weeks, 4 months and 8 months after calving, respectively). 
 

 
 

Figure 3.3. DGGE profile and species identification in Lactobacillus group of seven Holstein calves (A, B, C, D, 
E, F, and G) during growing stage (1, 2, and 3 - 3 weeks, 4 months and 8 months after calving, respectively). 
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Figure 3.4. DGGE profile and species identification in Bifidobacterium group of seven Holstein calves 
(A, B, C, D, E, F, and G) during growing stage (1, 2, and 3 - 3 weeks, 4 months and 8 months after 
calving, respectively). 
 
3.5. Discussion  

In this study, fecal microbiota of seven young Holstein heifers was examined during 

growing stage, wherein weaning and commencement of silage feeding were employed. PCR-

DGGE and qPCR were used for microbiota analyses. The changing pattern in gut microbiota 

of Holstein heifers during growing was different regarding to composition and abundance, and 

also with regard to bacterial groups. Weaning is the event that involving to the diet transition 

from liquid (milk) to solid feed, had a marked influence on the gut microbiota composition in 

our study.  

Young ruminants at birth have an undeveloped rumen, until the system is fully matured 

they function as non-ruminant fed on milk-based diet that are not digested in the rumen but in 

the abomasum. The development of the rumen is an important physiological challenge for 

young ruminants, involves in the anatomical development, functional achievement and 

microbial colonization. In this study, total bacteria and Bacteroides-Prevotella-

Porphyromonas, Clostridium XIVa, Clostridium I&II groups were stable in abundance over 

the time. Regarding to Bacteroides-Prevotella-Porphyromonas group, this group is the 

combination of the two most abundant genera (Bacteroides and Preovotella) of phylum 

Bacteroidetes in calves (Li et al. 2012; Rey et al. 2013). Even though the abundance of 

combination of these two genera was showed constant in Holstein heifers of our study, changing 

pattern of these individual genera was reported to be different by aging. In a report of Klein-

Jobstl et al. (2014), during early development of Simmental calves, genus Bacteroides in feces 



37 
	

generally decreased in relative abundance over the time despite of its particularly high 

abundance before weaning (Klein-Jobstl et al. 2014). This was consistent to the findings in the 

rumen of developing calves (Li et al. 2012; Jami et al. 2013). The reason was supposed to the 

presence of Bacteroides in the vagina of healthy cows, and calves received Bacteroides by 

ingestion during passage through the birth canal (Klein-Jobstl et al. 2014).  In adult cattle, 

relative abundance of Bacteroides was negatively associated with high fiber diet (Kim et al. 

2014). Hence, the increase of fiber and decrease of milk consumption could explain for the 

decrease of Bacteroides with the advancement of age (Klein-Jobstl et al. 2014). In contrast to 

Bacteroides, genus Prevotella indicated an increase in abundance over the time (Jami et al. 

2013). However, the concrete timing for Prevotella to take over the exclusive position of 

Bacteroides is yet to be known. Jami et al. (2013) reported the prevalence of Prevotella was 

seen from 2 months of age in rumen of Holstein calves, while Rey et al. (2013) detected the 

high abundance of this genus as early as 15 days of age (Jami et al. 2013; Rey et al. 2013). On 

the opposite side of other reports, Li et al. (2011) discovered the increase of Bacteroides and 

decrease of Prevotella from 14 days of age to 42 days of age of pre-ruminant calves (Li et al. 

2011). After all, it is obvious to see the mutual compensation between these two genera in 

abundance in gut microbiota of cattle. This partly explained for the relatively stable in the 

combined abundance of these two genera in our study. 

In the gastrointestinal tract, genus Clostridium make up a substantial part of the total 

bacteria in the gut microbiota. It is likely that genus Clostridium play a crucial role in gut 

homeostasis by interacting with the other resident microbe populations, but also by providing 

specific and essential functions, such as maintenance of overall gut function (Lopetuso et al. 

2013). However, it has not been paid attention in several reports. In this study, we examined 

the two important groups of Clostridia in the gut, Clostridium XIVa and Clostridium I&II. 

Principally, the cluster Clostridium XIVa includes species belonging to the Clostridium, 

Eubacterium, Ruminococcus, Coprococcus, Dorea, Lachnospira, Roseburia and Butyrivibrio 

genera. And, cluster Clostridium I&II (or Clostridium perfringens group) includes Clostridium 

perfringens and Clostridium tetani. While members of cluster Clostridium XIVa related to 

butyrate production that supporting to overall gut health, members of cluster Clostridium I&II 

possessed pathogenic species (Lopetuso et al. 2013). The stable abundance of genus 

Clostridium may implicate a certain balance status in gut microbiota promoting to a good 

condition of gut health of Holstein calves in our study. 

Lactobacillus and Bifidobacterium was considered as beneficial bacterial groups in 

cattle (Callaway et al. 2012). The abundance of these two genera were found positively 
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correlated with the expression level of miRNAs, that relating to the gut development 

mechanism, for instance, the differentiation and proliferation of the cells of gastrointestinal tract 

(Liang et al. 2014). The gradual decrease in abundance of genera Lactobacillus and 

Bifidobacterium after weaning was consistent with previous reports (Oikonomou et al. 2013; 

Klein-Jobstl et al. 2014). Oikonomou et al. (2013) reported that the prevalence of Lactobacillus 

and Bifidobacterium reached the maximum during the first fourth week of calf life, and then 

progressively decreased over the time. The two genera were supposed to be related to digestion 

of milk, that explained for the low abundance after weaning (Oikonomou et al. 2013). Klein-

Jobstl et al. (2014) showed that Lactobacillus had relatively low abundances after weaning. The 

early appearance of Lactobacillus might be due to milk feeding or the incorporation of these 

bacteria during passage of the vagina during natural birth (Dominguez-Bello et al. 2010; Klein-

Jobstl et al. 2014). 

 

 
 

Figure 3.5. Comparison of total bacteria population (A), Bacteroides-Prevotella-Porphyromonas (B), 
Clostridium cluster XIVa (C), Clostridium I&II (D), Lactobacillus (E), and Bifidobacterium (F) 
population between Holstein heifers and Japanese Black calves during growing stage (Period 1, 2, and 
3 - 3 weeks, 4 months and 8 months after calving, respectively). Boxes that are labeled by different 
characters are considered statistically different, for Japanese Black calves (a, b, and c) and for Holstein 
heifers (x, y). 
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In current study, the composition of total bacteria and several bacterial groups showed 

great differences before and after weaning but no change was observed thereafter. This finding 

indicated that weaning had a marked influence on gut microbiota (Fig. 3.1.). The similarity in 

composition between seven heifers increased with the advancement of age. Among bacterial 

groups examined, Lactobacillus showed higher similar between cows than other bacterial 

groups. The finding of our study were in agreement with the report of Jami et al. (2013). Report 

indicated that the diversity and within-group similarity increased with age, suggesting a more 

diverse but homogenous and specific mature community, compared with the more 

heterogenerous and less diverse primary community (Jami et al. 2013). 

Holstein heifers and Japan Black calves examined in this study were raised with 

different dietary regime and in different farm environments. Shanks et al. (2011) showed that 

bovine management played an integral role in fecal microbial community structure than the 

site-specific attributes, such as water source, elevation, humidity and particular geographic 

location. This could account for the similarity of bacterial structure between calves kept under 

the same management, which was proven by cluster analysis (Fig 3.1&3.2). Likewise, Holstein 

heifers and Japanese Black calves evidently possessed their own pattern of changing in gut 

microbiota during growing. Combined analyses of DGGE and qPCR revealed that weaning 

period implicated greater on bacterial population than on bacterial composition in beef cattle, 

whereas contrary state was found in dairy cattle. Lactobacillus spp. community showed 

significant changes in composition over the growing stage regardless of breed, while 

maintaining the highest similarity between individual calves. The difference between two 

systems may also derived from the managing of young ruminants. In dairy farming, heifers are 

typically separated from their mother, on the contrary, in beef farming, the calves remain with 

their mothers until weaning. Abecia et al. (2014) implied that kid goats reared with mothers had 

greater rumen development than their twins that were fed on milk replacer and separated from 

adult animals (Abecia et al. 2014). This is consistent with report of De Paula Vieira et al. (2012) 

that calves grew up with the presence of older adult animals exhibited more frequent and longer 

visits to the feeder. That was hypothesized as a consequence of social learning (De Paula Vieira 

et al. 2012).  

In conclusion, in Holstein heifers, populations of total bacteria and Bacteroides-

Prevotella-Porphyromonas, Clostridium XIVa, and Clostridium I&II groups were relatively 

stable in abundance during the growing stage. Lactobacillus and Bifidobacterium groups 

decreased their abundance after weaning. Regarding bacterial composition, distinctive changes 

were shown after weaning in all bacterial taxa examined, whereas no changes were observed 
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thereafter. The composition of Lactobacillus group changed over the growing stage, while 

maintaining high similarity between individual heifers. These findings indicated that weaning 

had a marked influence on the gut microbiota especially in the composition. Management 

during this transition period may be critical in shaping gut microbiota, whereas silage 

microbiota would have no effects. 
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CHAPTER 4 

VARIABILITY, STABILITY, AND RESILIENCE OF FECAL MICROBIOTA IN 

DAIRY COWS FED WHOLE CROP CORN SILAGE 

 

4.1. Abstract 

The microbiota of whole crop corn silage and feces of silage-fed dairy cows were 

examined. A total of 18 dairy cow feces were collected from six farms in Japan and China, and 

high-throughput Illumina sequencing of the V4 hypervariable region of 16S rRNA genes was 

performed. Lactobacillaceae were dominant in all silages, followed by Acetobacteraceae, 

Bacillaceae, and Enterobacteriaceae. In feces, the predominant families were 

Ruminococcaceae, Bacteroidaceae, Clostridiaceae, Lachnospiraceae, Rikenellaceae, and 

Paraprevotellaceae. Therefore, Lactobacillaceae of corn silage appeared to be eliminated in 

the gastrointestinal tract. Although fecal microbiota composition was similar in most samples, 

relative abundances of several families, such as Ruminococcaceae, Christensenellaceae, 

Turicibacteraceae, and Succinivibrionaceae varied between farms and countries. In addition to 

the geographical location, differences in feeding management between total mixed ration 

feeding and separate feeding appeared to be involved in the variations. Moreover, a cow-to-

cow variation for concentrate-associated families was demonstrated at the same farm; two cows 

showed high abundance of Succinivibrionaceae and Prevotellaceae, whereas another had a 

high abundance of Porphyromonadaceae. There was a negative correlation between forage-

associated Ruminococcaceae and concentrate-associated Succinivibrionaceae and 

Prevotellaceae in 18 feces samples. Succinivibrionaceae, Prevotellaceae, p-2534-18B5, and 

Spirochaetaceae were regarded as highly variable taxa in this study. These findings help to 

improve our understanding of variation and similarity of the fecal microbiota of dairy cows 

with regard to individuals, farms, and countries. Microbiota of naturally fermented corn silage 

had no influence on the fecal microbiota of dairy cows. 

 

4.2. Introduction 

The relationship between gut microbiota and their host has been suggested to provide 

critical benefits to animals. Cattle and their diverse community of symbiotic microbiota is a 

typical example. These symbionts are in charge of digesting and fermenting plant materials into 

nutrient sources usable by the host. The cattle acquire the fermentation products for body 

maintenance, growth, and milk production (Jami and Mizrahi 2012a, b; Jewell et al. 2015). 

Although several studies have been conducted using next generation sequencing (NGS) for 
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understanding the gut microbiota of cattle, several questions remain (Menezes et al. 2011; Mao 

et al. 2015; Liu et al. 2016). Despite reports indicating that the core bacterial community is 

shared by all cattle; other studies have observed high variation in the relative microbial 

abundance across samples (Jami and Mizrahi 2012a, b; Jewell et al. 2015; Lima et al. 2015). 

The divergence of abundance was suggested to be due to differences in diet formulation, farm 

management, and geographical locations (Menezes et al. 2011; Shanks et al. 2011; Anderson 

et al. 2016; Khafipour et al. 2016). Similarly, differences were also observed in gut microbiota 

structure even when cows were supplied with the same diet and had similar milk yields and 

rumen fluid profiles (Welkie et al. 2009). There is therefore a need to fully understand the extent 

of variation between microbiota from individual cows under similar diet and management. 

In dairy practice, silage feeding is a popular management method (Castillo et al. 2001; 

Broderick and Radloff 2004; Beauchemin and Wang 2005; Benchaar et al. 2007). Silage is a 

product of the ensiling process, in which lactic acid fermentation usually occurs. Therefore, it 

can be considered as a lactic acid bacteria (LAB)-rich nutrient source for dairy cows. Because 

dairy cows receive the silage microbiota steadily through daily meals, silage could confer 

probiosis especially when silage LAB have acceptable survivability and compatibility 

throughout the gastrointestinal tract. Although several studies have emphasized the effects of 

diet on shaping gut microbiota, whether food microbiota influence the gut microbiota has not 

been elucidated. 

In the present study, we conducted a survey of the fecal microbiota of dairy cows fed 

corn silages in Japan and China. Corn silage has been reported to harbor a predominant 

proportion of Lactobacillus spp. (Ni et al. 2017), and NGS was utilized to get insight into the 

microbiota of silage and feces of silage-fed dairy cows. The objective was to improve our 

knowledge of variations in the fecal microbiota of dairy cows with regard to country, farm, and 

individual cows. We also examined whether silage microbiota influence gut microbiota. 

 

4.3. Materials and methods 

Sampling – A total of 18 feces samples were collected from six dairy farms located in 

Kumamoto Province (farms A, B, and C), Japan, and in Shan Xi Province (farm D), He Bei 

Province (farm E), and Beijing city (farm E), China. Holstein dairy cows were fed a diet 

containing whole-crop corn silage that was self-produced at each farm using a bunker silo 

without bacterial inoculants. In farms A, C, D, and E, feed was provided as a total mixed ration 

(TMR), and in farms B and F, forage and concentrate were provided separately (Table 4.1). 

The proportion of corn silage in the total diet varied from 0.20 to 0.35 on a DM basis. Silage 
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samples were collected by digging into the silo face to approximately a 0.2 m depth and 

manually removing approximately 500 g of silage. Five samples (2 outer samples from the top 

layer, 2 outer samples from the bottom layer, and 1 sample from the central part) were obtained 

from each bunker silo and were thoroughly mixed to prepare a representative sample. 

Approximately 500 g of silage and 1 g of feces were placed in a plastic bag and an Eppendorf 

tube, respectively, and kept on ice during transportation to the laboratory. 

The DM content of silage was determined after oven drying at 60°C for 48 h. The pH 

value and fermentation products in water extracts were determined. Lactic acid, acetic acid, and 

ethanol contents were measured by ion-exclusion polymeric high-performance liquid 

chromatography with refractive index detection as previously described (Ni et al. 2017). 

Illumina MiSeq sequencing – Silage samples were added to a 20× volume of sterilized 

phosphate-buffered saline (pH 7.4), and extraction was achieved through vigorous shaking for 

10 min at ambient temperature. Bacterial pellets were obtained by centrifugation at 8000 × g 

for 15 min, then washed once with 1 mL of solution containing 0.05 M D-glucose, 0.025 M 

Tris-HCl (pH 8.0), and 0.01 M sodium EDTA (pH 8.0). After centrifugation at 15,000 × g for 

2 min, bacterial cells were lysed with 180 µL of lysozyme solution (20 g/L lysozyme, 0.02 M 

Tris-HCl [pH 8.0], 0.002 M sodium EDTA [pH 8.0], 1.2 g/L Triton X-100) at 37°C for 1 h. 

Subsequent bacterial DNA purification was performed using a commercial kit (DNeasy Blood 

& Tissue Kit; Qiagen, Germantown, MD, USA) according to the manufacturer’s 

recommendations. Bacterial DNA of the feces was purified using the mini DNeasy Stool Kit 

(Qiagen, Germantown, MD, USA). 

The resulting DNA was subjected to 2-step polymerase chain reaction (PCR) 

procedures to generate amplicon libraries for NGS. In the first round PCR, primers targeting 

the V4 region of 16S rRNA genes (forward: 5’-ACACTCTTTCCCTACACGACGCTCTTCC 

GATCTGTGCCAGCMGCCGCGGTAA-3′; reverse: 5’-GTGACTGGAGTTCAGACGTGTG 

CTCTTCCGATCTGGACTACHVG GGTWTCTAAT-3′; tail sequences are underlined) were 

used. The PCR protocol included initial denaturation at 94°C for 2 min, followed by 25 cycles 

of denaturation at 94°C for 30 s, annealing at 50°C for 30 s, elongation at 72°C for 30 s, and a 

final elongation at 72°C for 5 min. The PCR products were purified by electrophoretic 

separation on a 2.0% agarose gel using a Fast Gene Gel/PCR Extraction Kit (NIPPON Genetics 

Co., Ltd., Tokyo, Japan), and moved to a second round of PCR with adapter-attached primers. 

The PCR protocol included initial denaturation at 94°C for 2 min, followed by 10 cycles of 

denaturation at 94°C for 30 s, annealing at 59°C for 30 s, elongation at 72°C for 30 s, and a 
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final elongation at 72°C for 5 min. PCR products were purified as described above for the first 

round products. 

The purified amplicons were pair-end sequenced (2 × 250) on an Illumina MiSeq 

platform at the FASMAC Co., Ltd. (Kanagawa, Japan). Raw sequences were processed using 

the QIIME (version 1.9.0) microbial ecology pipeline. The 250 bp reads were truncated at any 

site receiving an average quality score < 20 over a 20 bp sliding window. Truncated reads that 

were shorter than 50 bp were discarded. Similarly, two nucleotide mismatches in primer 

matching were removed, sequences that overlapped more than 50 bp were assembled, and 

chimeric sequences were identified and removed. Only sequences of at least 130 bp long after 

quality filtering were grouped into operational taxonomic units (OTUs) using a 97% similarity 

threshold. Sequences were classified from the phylum to the genus level using the default 

settings of the Ribosomal Database Project classifier. The results of the sequence analysis are 

available in the DDBJ Sequence Read Archive under project identification number 

PRJDB5800. 

Statistical analysis – Quantitative NGS data were subjected to one-way analysis of variance. 

Tukey’s multiple range test was performed using the JMP software (version 11; SAS Institute, 

Tokyo, Japan) to examine the differences between farms and countries. Major families in both 

silage and feces samples were engaged to create a heat map using Primer version 7 with 

Permanova+ add-on software (Primer-E, Plymouth Marine Laboratory, Plymouth, UK). In 

addition, the data were subjected to the Shannon diversity index and coefficient of variation 

calculations. 

 

4.4. Results 

4.4.1. Silage fermentation and microbiota 

 Fermentation products of whole crop corn silage produced in bunker silos of Japan 

and China are presented in Table 4.1. The DM content of silage was observed different between 

Chinese (221 g/kg) and Japanese (299 g/kg) samples. Mean lactic acid, acetic acid, ethanol, and 

1-propanol contents in Chinese silages were greater than those in Japanese silages. Although 

lactic acid was predominant in all silages, propionic acid was present in silages Cs and Ds and 

a small amount of butyric acid (<1 g/kg DM) was detected in silages Ds and Es. 1,2-propanediol 

was found in all silages except silage Cs. 

The NGS results of the silage microbiota indicated huge taxonomic diversity including 

29 phyla, 200 families, and 302 genera. Among them, 12 phyla, 50 families, and 30 genera 

were shared in all samples. At the family level, the number of taxa was 118, 96, 113, 141, 119, 
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and 91 for silage As, Bs, Cs, Ds, Es, and Fs, respectively (Table 4.2). Lactobacillaceae was 

found to be exclusively dominant, accounting for 75.2, 87.5, 45.7, 91.6, 73.6, and 82.2% of the 

total population (Table 4.3). Clusters based on the family level indicated three separate groups 

regardless of the country (Fig. 4.1). Silage Cs showed a distinctive bacterial structure with the 

lowest proportion of Lactobacillaceae (45.7%) among the silages. This was followed by the 

Acetobacteraceae (32.4%), Bacillaceae (4.63%), Enterobacteriaceae (3.44%), 

Comamonadaceae (3.32%), Enterococcaceae (2.65%), Moraxellaceae (2.29%), and 

Planococcaceae (1.53%) families, which were shown to be greater than those in other silages. 

The Bs, Es, and Fs silage groups were different from the As and Ds groups, because of the 

higher proportion of Acetobacteraceae representing 9.14, 20.6, and 16.8%, respectively, in the 

former. The Shannon index showed numerically greater value for silage Cs (1.581) than for 

other Lactobacillaceae-dominated silages. 
 

4.4.2. Fecal microbiota 
The heat map in Figure 1 shows 50 of the most abundant taxa at the family level. The 

fecal microbiota was shown to be unrelated to the silage microbiota by a distinct grouping 
pattern. The NGS demonstrated a total number of 35 phyla, 184 families, and 263 genera 
allocating for all feces samples. Among them, 9 phyla, 28 families, and 34 genera were 
consistently present in all feces samples and covered 98.9, 75.6, and 32.7% of the total bacterial 
populations. Ruminococcaceae, Bacteroidaceae, Clostridiaceae, Lachnospiraceae, 
Rikenellaceae, and Paraprevotellaceae were the most abundant families, accounting for 22.8, 
10.6, 7.17, 7.13, 5.94, and 5.59% of the total population on average across 18 dairy cows (Table 
4.4). Lactobacillaceae contributed to only 0.04% of the total population in feces samples. The 
numbers of taxa (ranging from 71.0 to 83.3) were numerically lower, and the Shannon index 
values (ranging from 2.205 to 2.549) were numerically greater for feces than silages (Table 
4.2). 
 

4.4.3. Variations between cows, farms, and countries 
The coefficient of variation (CV) was employed for taxa detected at >1% of the total 

population in order to understand the variation of fecal microbiota across 18 cows (Table 4.5). 
If the threshold was defined as >1.0, 4 families (Succinivibrionaceae, Prevotellaceae, p-2534-
18B5, and Spirochaetaceae) and 3 genera (Succinivibrio spp., Prevotella spp., and Treponema 
spp.) were evaluated as highly variable taxa. If the threshold was lowered to >0.5, 4 families 
(Veillonellaceae, RF16, S24-7, and Porphyromonadaceae) and one genus (Prevotella spp. 
belonging to family Paraprevotellaceae) were added as moderately variable taxa. 
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Figure 4.1. Heatmap representing the relative abundance of the major families (50 most abundant taxa) in silage and fecal microbiota. Clustering was performed 
using the Euclidean distance as a similarity metric. As, Bs, Cs, Ds, Es, and Fs indicate silage samples from farms A, B, C, D, E, and F, respectively. A-(1, 2, 3), 
B (1, 2, 3), C (1, 2, 3), D (1, 2, 3), E (1, 2, 3), and F (1, 2, 3) indicate feces samples from farms A, B, C, D, E, and F, respectively.
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Three dairy farms (A, B, and C) in Japan were similar with regard to the number of taxa 

and Shannon index value for fecal microbiota at the family level (Table 4.2). However, the 

relative abundance of several families, such as Ruminococcaceae, Peptococcaceae, 

Christensenellaceae, Peptostreptococcaceae, Turicibacteraceae, Succinivibrionaceae, and 

Fibrobacteraceae was statistically different between samples from the three farms (Table 4.4). 

In China, although the number of taxa was similar for samples from farms D, E, and F, the 

abundance of the bacteria varied, with respect to the families Ruminococcaceae, 

Veillonellaceae, Mogibacteriaceae, Christensenellaceae, Turicibacteraceae, 

Succinivibrionaceae, and Spirochaetaceae. 

Firmicutes and Bacteroidetes were the first- and second-most predominant phyla in 

samples from both countries (Table 4.4). These two phyla contributed to 88.6 and 93.7% of 

total bacterial population in samples from Japan and China, respectively. The populations of 

Ruminococcaceae, Clostridiaceae, Mogibacteriaceae, and Christensenellaceae were higher, 

and those of Paraprevotellaceae, RF16, and Prevotellaceae were lower in samples from China 

than in those from Japan. The Firmicutes to Bacteroidetes ratio was, therefore, greater in 

Chinese samples (>1) than in Japanese samples (<1). Additionally, the unidentified family p-

2534-18B5, Succinivibrionaceae, Anaeroplasmataceae, Methanobacteriaceae, and 

Fibrobacteraceae indicated statistical differences between the bacterial populations in samples 

from the two countries. 

Cluster analysis revealed that, although differences between individual cows were 

observed, the composition of fecal microbiota was clearly different in the samples from the two 

countries. Moreover, two samples from farm B (B2 and B3) were grouped in a cluster separate 

from the cluster that included the other 16 feces samples. This grouping was determined based 

on the extremely high proportions of Succinivibrionaceae (9.83%), Prevotellaceae (4.41%), 

Peptostreptococcaceae (0.37%), and Turicibacteraceae (0.24%), and lower proportion of 

Ruminococcaceae (10.9%) in the B2 and B3 samples compared to those of other samples (Table 

4.4). Therefore, cow-to-cow variation in farm B was greater than farm-to-farm and country-to-

country variation. 
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      Table 4.1. Feeding management, herd milk yield, diet formulation, and fermentation products of whole crop corn silage used in the six farms. 

  Japan China 
 A B C D E F 
Feeding management Total mixed 

ration 
Separate 
feeding 

Total mixed 
ration 

Total mixed 
ration 

Total mixed 
ration 

Separate 
feeding 

Milk yield (g/day) 27 32 30 21 28 30 
Diet formulation       

Corn silage 0.35 0.29 0.20 0.29 0.32 0.32 
Other forages 0.16 0.21 0.39 0.11 0.18 0.16 
Concentrates 0.49 0.50 0.41 0.38 0.50 0.52 

Silage fermentation       
Dry matter (g/kg)  313 295 290 219 219 225 
pH 3.98 3.94 3.88 3.92 3.51 3.52 
Lactic acid (g/kg DM) 47.1 57.2 73.7 59.5 129 97.3 
Acetic acid (g/kg DM) 33.8 46.7 29.2 51.1 45.4 26.6 
Propionic acid (g/kg DM) 0.00 0.00 11.7 14.7 0.00 0.00 
Butyric acid (g/kg DM) 0.00 0.00 0.00 0.62 0.74 0.00 
Ethanol (g/kg DM) 3.94 10.2 9.78 15.1 34.2 19.7 
1,2-Propanediol (g/kg DM) 25.2 42.9 0.00 5.50 25.1 13.3 
1-Propanol (g/kg DM) 2.39 0.78 2.49 16.2 10.5 3.60 
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Table 4.2. Number of sequence reads, taxa, and Shannon diversity index values determined by next 
generation sequencing at the family level for the microbiota of whole crop corn silage and silage-fed 
dairy cows. 

	
4.5. Discussion 

Several factors including diet formulation, management practice, and geographical 

location have been shown to influence the gut microbiota (Menezes et al. 2011; Shanks et al. 

2011; Anderson et al. 2016; Khafipour et al. 2016). Regarding diet formulation, the forage-to-

concentrate ratio is considered to have substantial effects on gut microbiota (Shanks et al. 2011; 

Khafipour et al. 2016). In the present study, dairy cows received diets with the forage-to-

concentrate ratio varying from 62:38 to 52:48. The difference may be large enough to result in 

differences in fecal microbiota; however, farm-to-farm and country-to-country differences were 

observed even with similar forage-to-concentrate ratio. Because all cows were of the Holstein 

breed, farm-to-farm and country-to-country differences could, at least in part, be attributed to 

the differences in the geographical location. 

Lactobacillaceae species accounted for the highest proportion of the total population of 

silage microbiota in all the six corn silages. At the family level, three separate groups were 

formed, and none of them were related to the country in which silage was produced. A group 

of silage Bs, Es, and Fs, another group of silage As and Ds, and silage Cs possessed their own 

patterns, and the divergence of Acetobacteraceae was the main cause for the group 

differentiation. Acetobacter spp. were the main contributor to the Acetobacteraceae family in 

this study. Acetobacter spp. are known to have strong crop specificity with respect to corn and 

cereal silages (Oude Elferink et al. 2001), and to have the ability to initiate aerobic deterioration 

 Read Taxa Shannon 
As 63574 118 0.781 
Bs 71458 96 0.507 
Cs 105573 113 1.581 
Ds 76133 141 0.556 
Es 76427 119 0.866 
Fs 103149 91 0.537 
A 69612 ± 14319 78.7 ± 29.8a 2.319 ± 0.147a 

B 69232 ± 13384 71.0 ± 21.6a 2.549 ± 0.022a 

C 64671 ± 6569 75.7 ± 22.9a 2.296 ± 0.100a 

D 78106 ± 11620 83.3 ± 24.0a 2.226 ± 0.038b 

E 65035 ± 11527 79.3 ± 21.4a 2.205 ± 0.021b 

F 64308 ± 4394 71.0 ± 19.9a 2.319 ± 0.043a 

Japan 67838 ± 10607 75.1 ± 21.9a 2.388 ± 0.150a 

China 69150 ± 10817 77.9 ± 19.7a 2.250 ± 0.061b 
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by oxidizing ethanol to acetic acid. Other typical spoilage-associated bacteria, e.g., Bacillaceae 

(Bacillus spp.) and Enterobacteriaceae (Enterobacter spp.), were also detected, and were 

especially high in silage Cs. However, all the silages examined were not obviously spoiled and 

were considered acceptable based on the pH and fermentation product content (Table 4.1). An 

exception of low abundance of Lactobacillaceae in silage Cs was similar to the finding of 

Kraut-Cohen et al. (2016), who observed a farm silage harboring <35% Lactobacillaceae, 

despite having pH and fermentation product content at acceptable levels. Among the six silage 

samples examined in the present study, only silage Cs had no detectable 1,2-propnediol, but the 

relevance to a large proportion of Acetobacteraceae was not known. 

	
Table 4.3. Relative abundance of taxa detected at >0.1% of the total population in silage samples.		

 
As-Fs indicate silages produced in bunker silos at farms A, B, C, D, E, and F, respectively. 

 

The fact that Lactobacillus spp. dominate the microbiota of corn silage (Ni et al. 2017) 

was confirmed in this study. Lactobacillaceae ranged from 45.7% to 91.6% of the total bacterial 

population. However, in feces samples, Lactobacillaceae accounted for a very small proportion 

   As Bs Cs Ds Es Fs 
Phylum Firmicutes 76.6 87.8 55.5 93.8 76.9 82.3 
Family Lactobacillaceae 75.2 87.5 45.7 91.6 73.6 82.2 
Family Bacillaceae 0.15 0.08 4.63 0.16 0.06 0.02 
Family Clostridiaceae 0.35 0.04 0.05 0.73 2.54 0.01 
Family Enterococcaceae 0.03 0.02 2.65 0.05 0.09 0.01 
Family Planococcaceae 0.04 0.02 1.53 0.31 0.09 0.01 
Family Ruminococcaceae 0.34 0.06 0.04 0.24 0.15 0.03 
Family Lachnospiraceae 0.16 0.05 0.05 0.28 0.05 0.01 
Family Leuconostocaceae 0.01 0.004 0.34 0.01 0.13 0.003 
Family Paenibacillaceae 0.02 0.01 0.35 0.03 0.03 0.001 
Phylum Proteobacteria 22.1 11.6 43.1 3.20 22.0 17.1 
Family Acetobacteraceae 0.42 9.14 32.4 0.51 20.6 16.8 
Family Enterobacteriaceae 21.1 2.28 3.44 0.12 0.26 0.01 
Family Comamonadaceae 0.10 0.03 3.32 0.20 0.15 0.04 
Family Moraxellaceae 0.05 0.01 2.29 0.20 0.13 0.02 
Family Methylobacteriaceae 0.08 0.01 0.01 1.36 0.35 0.16 
Family Xanthomonadaceae 0.05 0.02 0.86 0.07 0.04 0.01 
Family Oxalobacteraceae 0.01 0.01 0.45 0.07 0.09 0.01 
Phylum Actinobacteria 0.10 0.07 0.52 1.92 0.56 0.15 
Family Microbacteriaceae 0.01 0.003 0.02 0.97 0.44 0.11 
Family Bifidobacteriaceae 0.003 0.004 0.24 0.68 0.01 0.001 
Phylum Bacteroidetes 0.68 0.13 0.48 0.45 0.16 0.05 
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(<0.1%), and appeared to be replaced by the predominance of Ruminococcaceae, 

Bacteroidaceae, Clostridiaceae, Lachnospiraceae, Rikenellaceae, and Paraprevotellaceae. 

Although the decrease in Lactobacillaceae proportion could occur if silage microbiota was 

diluted in the rumen, the survival of Lactobacillaceae throughout the gastrointestinal tract of 

dairy cows was apparently not possible owing to the low compatibility. Indeed, cluster analysis 

indicated that silage microbiota was distinctively separated from fecal microbiota, and the 

grouping pattern of silage samples showed no relation to that of feces samples (Fig. 4.1). 

Similarly, although great variation in microbial diversity was observed in the six silage samples, 

especially for silage Cs with a low Lactobacillaceae and a high Acetobacteraceae proportion, 

no effects on the fecal microbiota of silage-fed dairy cows were observed. The number of 

detected taxa was higher in silage than in feces. Because of the unique dominance and more 

even distribution of Lactobacillaceae, however, the Shannon index value was lower for silage 

than feces. 

The repeated microbiota consumption of silage in dairy cows is comparable to that of 

naturally fermented food in humans. Lee et al. (1996) demonstrated that consumption of 

naturally fermented kimchi, which has been shown to have Lactobacillaceae and 

Leuconostocaceae as the dominant taxa (Jung et al. 2014), increased the population of 

Lactobacillus spp. and Leuconostoc spp. in human feces. Similarly, Han et al. (2015) found that 

intake of fermented kimchi raised up the populations of two phyla, Proteobacteria and 

Actinobacteria, and two genera Bacteroides spp. and Prevotella spp. in human feces. Because 

only silage-fed dairy cows were examined in this study, the comparison between fermented and 

non-fermented crop feeding was not possible. Regardless, there were no distinctive differences 

in any taxa of fecal microbiota in response to ingestion of various silage microbiota, which 

were seprated into three separate clusters (Fig. 4.1). The low impact of diet microbiota on fecal 

microbiota of cattle was likely due to the polygastric digestive system compared to the 

monogastric system in humans. 

Although several NGS studies on gut microbiota of dairy cows have been conducted, it 

is not easy to perform cross comparisons because of the differences in diet formulation, 

production level (lactating and non-lactating), examined gut segments (e.g., rumen and rectum), 

and targeted regions of 16S rRNA genes. Mao et al. (2015) studied the gut microbiota of 

lactating Holstein cows in China, but their reported proportion of Firmicutes and Bacteroidetes 

(91.3 and 2.87%, respectively) for rectum digesta (feces) was greatly different from that found 

in our study (46.1 and 45.1%, respectively). This discrepancy could be due to differences in 

targeted regions. Mao et al. (2015) analyzed V3/V4 regions whereas we examined the V4 
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region of 16S rRNA genes. Claesson et al. (2010) demonstrated that, regardless of 

pyrosequencing and Illumina platforms, the Firmicutes-to-Bacteroidetes ratio was much 

greater when the V3/V4 region was targeted than other regions such as V1/V2, V2/V3, V4/V5, 

V5/V6, and V7/V8. Similar to Mao et al. (2015), Derakhshani et al. (2016) reported the 

proportion of Firmicutes and Bacteroidetes at 80.3 and 11.1%, respectively, although they 

analyzed the same V4 region as targeted in this study. Since Derakhshani et al. (2016) examined 

the feces of Holstein bull calves, the difference in diet formulation may have affected the 

outcome of the microbiota analysis. Regarding the proportion of Firmicutes and Bacteroidetes 

for feces samples, our data was similar to that obtained for steers fed a late growing diet 

(moderate grain) containing 26% corn silage (Kim et al. 2014). 

Among the families evaluated as highly variable taxa, Succinivibrionaceae and 

Prevotellaceae have been shown to correlate with grain feeding (Khafipour et al. 2016). 

Furthermore, Spirochaetaceae (mainly the genus Treponema spp.) has been shown to relate to 

the fiber degrading ability (De Filippo et al. 2010; Liu et al. 2016). At the phylum level, 

Proteobacteria (CV = 1.312) was the highest variance taxa in our study, which was in 

agreement with a study by Jami and Mizrahi (2012a) for rumen microbiota. Our finding that 

Bacteroidetes (CV = 0.121) was consistent was different from previously reported findings for 

cattle (Jami and Mizrahi 2012a) and human (Kurokawa et al. 2007; Arumugam et al. 2011). 

Variations in Succinivibrionaceae and Prevotellaceae were also seen between farms and 

countries. This difference could be seen from a high abundance of these two families (9.83% 

and 4.41% for Succinivibrionaceae and Prevotellaceae, respectively) for farm B (Table 4.4), 

especially with B2 and B3 cows. In B1 cow raised under the same management as B2 and B3, 

Porphyromonadaceae, which also showed a higher proportion under a high grain diet (Kim et 

al. 2014), was detected at a high abundance compared to Succinivibrionaceae and 

Prevotellaceae, indicating that gut microbiota may have adapted strategies under the same 

feeding regimen. Because the forage-to-concentrate ratio was similar between farms A and B, 

the high abundance of concentrate-associated taxa in farm B cows could not be attributed to 

diet formulation. Rather, the difference in feeding management, i.e., TMR and separate feeding, 

may have affected the abundance of forage- and concentrate-associated families. It has been 

demonstrated that, although cows may feed on diet of an intended formulation under TMR 

feeding, cows may consume a greater amount of concentrate than designed under separate 

feeding (Nocek et al. 1986). Maekawa et al. (2002) found that, even if the diet was provided at 

a 50:50 forage-to-concentrate ratio, the actual ratio consumed by cows was approximately 

60:40 under separate feeding. In farm F cows that were also managed by separate feeding, 
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although the differences were small, the lowest proportion of forage-associated 

Ruminococcaceae and the highest proportion of concentrate-associated Succinivibrionaceae 

were observed, compared to other Chinese cows. Therefore, rather than the geographical  

location, feeding management could have led to the farm-to-farm differences in fecal 

microbiota in this study. 

Table 4.4. Relative abundance of the taxa detected at >0.1% of the total population in feces samples 
from silage-fed dairy cows at 3 Japanese and 3 Chinese farms. 

 

A-F indicate feces samples collected from farms A, B, C, D, E, and F, respectively. Mean values with different 
superscript letters are significantly different (p < 0.05). 

  Farm-to-Farm variation  Country-to-
Country 
variation 

  Japan  China    
  A B C SE D E F SE Japan China 
Phylum Firmicutes 41.2 37.2 40.6 2.63 51.9 55.1 50.3 1.53 39.7b 52.4a 

Family Ruminococcaceae 23.2a 10.9b 18.7ab 1.85 28.2ab 31.7a 23.9b 1.21 17.6b 27.9a 

Family Clostridiaceae 4.53 7.29 5.04 1.42 8.97 8.24 8.99 0.96 5.62b 8.74a 

Family Lachnospiraceae 4.83 9.76 7.73 1.73 5.74 5.71 9.03 1.07 7.44 6.83 

Family Veillonellaceae 0.73 2.37 0.63 0.66 0.63b 0.69ab 1.08a 0.10 1.24 0.79 

Family Erysipelotrichaceae 0.47 0.71 0.47 0.15 0.92 0.45 0.64 0.15 0.55 0.67 

Family Peptococcaceae 0.47ab 0.77a 0.29b 0.08 0.39 0.78 0.37 0.15 0.51 0.51 

Family [Mogibacteriaceae] 0.20 0.12 0.22 0.03 0.30b 0.49a 0.41ab 0.04 0.18b 0.40a 

Family Christensenellaceae 0.14a 0.03b 0.08ab 0.02 0.20ab 0.46a 0.15b 0.06 0.09b 0.27a 

Family Peptostreptococcaceae 0.07b 0.37a 0.11b 0.06 0.08 0.12 0.09 0.03 0.19 0.10 

Family Turicibacteraceae 0.04b 0.24a 0.10ab 0.04 0.05b 0.10a 0.11a 0.01 0.13 0.08 

Phylum Bacteroidetes 48.6 46.7 51.4 2.27 42.8 37.4 43.8 1.62 48.9a 41.3b 

Family Bacteroidaceae 9.06 11.7 10.4 1.05 10.8 11.8 10.1 1.94 10.4 10.9 

Family Rikenellaceae 5.84 4.79 6.25 0.90 5.82 5.83 7.13 0.68 5.63 6.26 

Family [Paraprevotellaceae] 5.45 6.96 7.15 0.82 4.87 4.06 5.04 0.46 6.52a 4.65b 

Family RF16 5.98 1.88 5.49 1.47 1.54 0.81 1.49 0.22 4.45a 1.28b 

Family S24-7 1.28 4.33 1.84 1.18 2.07 1.38 2.42 0.72 2.48 1.96 

Family Prevotellaceae 1.33 4.41 0.10 0.96 0.21 0.14 0.52 0.09 2.25a 0.29b 

Family Porphyromonadaceae 1.86 1.22 1.37 0.63 1.01 0.46 0.90 0.13 1.48 0.79 

Family p-2534-18B5 0.67 0.27 0.004 0.24 2.31 1.46 1.77 0.97 0.31b 1.85a 

Family BS11 0.56 0.20 0.22 0.16 0.65 0.67 0.27 0.13 0.33 0.53 

Family [Barnesiellaceae] 0.17 0.16 0.21 0.03 0.10 0.14 0.16 0.04 0.18 0.13 

Phylum Proteobacteria 1.78b 10.7a 2.06b 1.12 0.90 1.06 0.92 0.31 4.84a 0.96b 

Family Succinivibrionaceae 0.95b 9.83a 1.45b 0.95 0.35ab 0.04b 0.51a 0.09 4.08a 0.30b 

Family Desulfovibrionaceae 0.26 0.06 0.09 0.08 0.19 0.46 0.11 0.16 0.14 0.25 

Family Alcaligenaceae 0.13 0.48 0.11 0.23 0.07 0.08 0.10 0.03 0.24 0.08 

Phylum Tenericutes 2.44 1.42 2.50 0.48 1.67 2.47 1.42 0.53 2.12 1.85 

Family Anaeroplasmataceae 0.22 0.28 0.30 0.05 0.16 0.04 0.16 0.04 0.27a 0.12b 

Phylum Spirochaetes 2.85 2.98 1.45 1.31 0.39b 0.40b 2.05a 0.30 2.42 0.95 

Family Spirochaetaceae 2.74 2.97 1.45 1.33 0.36b 0.39b 1.94a 0.25 2.39 0.89 

Phylum Verrucomicrobia 0.81 0.12 0.20 0.28 0.62ab 1.48a 0.31b 0.26 0.37 0.80 

Family Verrucomicrobiaceae 0.32 0.04 0.19 0.10 0.32 0.85 0.20 0.22 0.18 0.46 

Family RFP12 0.47 0.08 0.01 0.20 0.28 0.58 0.11 0.14 0.18 0.32 

Phylum Cyanobacteria 0.43 0.12 0.17 0.20 0.29 0.54 0.05 0.20 0.24 0.29 

Phylum Euryarchaeota 0.09 0.11 0.11 0.04 0.22 0.39 0.27 0.08 0.10b 0.29a 

Family Methanobacteriaceae 0.08 0.10 0.10 0.04 0.19 0.38 0.24 0.08 0.09b 0.27a 

Phylum Fibrobacteres 0.28ab 0.001b 0.45a 0.10 0.06 0.10 0.02 0.04 0.24a 0.06b 

Family Fibrobacteraceae 0.28ab 0.001b 0.45a 0.10 0.06 0.10 0.02 0.04 0.24a 0.06b 

Phylum Lentisphaerae 0.21 0.004 0.01 0.09 0.17 0.16 0.02 0.07 0.07 0.12 
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Table 4.5. Coefficient of variation calculated for the taxa detect at >0.1% of total population in feces 
samples collected from silage-fed dairy cows at 3 Japanese and 3 Chinese farms. 

  

Ruminococcaceae and Christensenellaceae varied between farms as well as countries 

(Table 4.4). Ruminococcaceae, the greatest population in our data, is known as an active plant 

degrader, whereas the function of Christensenellaceae is still poorly understood. Goodrich et 

al. (2014) reported that this family is a heritable taxon in humans and is associated with a 

healthy state but not with the diet, and often co-occurs with Methanobacteriaceae. In our study, 

Christensenellaceae and Methanobacteriaceae accounted for similar relative abundances in 

samples from Japan and China. 

Fiber-degrading Ruminococcaceae showed a positive correlation (p < 0.01) with 

Christensenellaceae (r2 = 0.638), indicating a negative correlation with Succinivibrionaceae (r2 

= 0.590) and Prevotellaceae (r2 = 0.567). Ruminococcaceae also showed positive correlations 

  SD Mean CV 
Phylum Firmicutes 7.519 46.0 0.163 
Family Ruminococcaceae 7.241 22.7 0.318 
Genus Oscillospira 0.380 1.98 0.192 
Family Clostridiaceae 2.549 7.18 0.355 
Genus Clostridium 2.453 6.72 0.365 
Family Lachnospiraceae 2.821 7.13 0.395 
Family Veillonellaceae 0.940 1.02 0.921 
Phylum Bacteroidetes 5.440 45.1 0.121 
Family Bacteroidaceae 1.672 10.6 0.157 
Genus 5-7N15 1.990 7.74 0.257 
Family Rikenellaceae 1.358 5.94 0.229 
Family [Paraprevotellaceae] 1.507 5.59 0.270 
Genus CF231 1.345 3.87 0.348 
Genus [Prevotella] 0.693 1.20 0.576 
Family RF16 2.613 2.86 0.912 
Family S24-7 1.769 2.22 0.797 
Family Prevotellaceae 1.807 1.27 1.423 
Genus Prevotella 1.807 1.27 1.423 
Family Porphyromonadaceae 0.793 1.14 0.698 
Family p-2534-18B5 1.337 1.08 1.239 
Phylum Proteobacteria 3.804 2.90 1.312 
Family Succinivibrionaceae 3.682 2.19 1.682 
Genus Succinivibrio 2.735 1.44 1.900 
Phylum Tenericutes 0.897 1.99 0.452 
Phylum Spirochaetes 1.753 1.68 1.041 
Family Spirochaetaceae 1.748 1.64 1.066 
Genus Treponema 1.749 1.64 1.067 



55 
	

with the other six families, i.e. BS11 (r2 = 0.381), Verrucomicrobiaceae (r2 = 0.346), 

Mogibacteriaceae (r2 = 0.540), RFP12 (r2 = 0.327), Desulfovibrionaceae (r2 = 0.312), and 

Methanobacteriaceae (r2 = 0.358). Although the functions of these six families are yet 

unknown, these taxa could be involved in fiber-degrading activity. Meanwhile, although 

Lachnospiraceae is known as a fiber-degrading family, a negative correlation with 

Ruminococcaceae (r2 = 0.360; p < 0.01) was observed in this study. 

In conclusion, rather than diet (silage) microbiota, feeding management and 

geographical location may contribute greatly to shaping the gut microbiota of silage-fed dairy 

cows. Although variations between farms and countries were seen, neither highly variable nor 

stable families of microbiota in feces samples were affected by silage microbiota. An interesting 

cow-to-cow variation for concentrate-associated taxa was demonstrated in the same farm; two 

cows showed high abundance of Succinivibrionaceae and Prevotellaceae, whereas another cow 

had a high abundance of Porphyromonadaceae. Similarly, although diets with similar forage-

to-concentrate were offered, cows under separate feeding had greater abundance of concentrate-

associated families than those under TMR feeding. These findings help to envisage the effects 

of feeding management and diet formulation on gut microbiota of silage-fed dairy cows. 

Because assessment of rumen microbiota was not within the scope of this study, further 

investigation is necessary to warrant the relationship between diet microbiota, gut microbiota, 

and the health and productivity of dairy cows. 
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CHAPTER 5 

MICROBIAL COMMUNITY IN THE GASTROINTESTINAL TRACT OF  

GOATS FED WHOLE CROP CORN SILAGE 

 

5.1. Abstract 

Gut microbial communities were examined across the gastrointestinal tract using goat 

model. All goats were fed corn silage as daily meal. Silage-associated Lactobacillus community 

had no influence on gut-associated Lactobacillus communities across the gastrointestinal tract 

of goats. In gut-associated samples, composition of mucosa-associated Lactobacillus 

community was more stable than the one of digesta samples, but relative abundance of this 

community was rather regionally fluctuated. Total microbial population and its component 

bacterial population (Bacteroides-Prevotella-Porphyromonas, Enterobacteriaceae, 

Ruminococcus albus, Faecalibacterium prausnitzii, Fibrobacter succinogenes) were varied in 

number across the tract for both digesta and mucosa samples. Throughout the tract, abomasum-

associated microbiota indicated the greater differences in distribution between digesta and 

mucosa samples, while no difference was seen between digesta- and mucosa-associated small 

intestine microbiota. Proportion of Bacteroides-Prevotella-Porphyromonas, F. succinogenes 

and mucosa-associated R. albus showed significant variation across the tract, which all 

described their highest proportion in abomasum. Overall, this is the first study providing insight 

into the relation of silage-associated Lactobacillus community to the gut-associated ones 

throughout the gastrointestinal tract of goat. Digesta- and mucosa-associated microbiota were 

revealed intra-variation across different segments of the tract. 

 

5.2. Introduction 

Gastrointestinal tract of animal is the natural habitat for a dense and dynamic microbial 

community. This resident microbiota has been recognized to provide benefits to the animals, 

especially for ruminants with their symbiotic bacteria that fermenting plant materials into 

nutrient sources available for the host. But a substantial part of this resident microbiota is still 

to be discovered. Theoretically, this population has been contributed by three subpopulations, 

including digesta-associated, mucosa-associated, and food-associated microbiota (Cheng et al. 

1979; Li et al. 2011). Comparing to mucosa- and food-associated population, digesta-associated 

population has intensively been studied targeting to rumen and feces microbiota, due to the easy 

and convenient sampling. However, recent studies have raised concern about intra-variation of 

gut microbiota in different segments across the gastrointestinal tract (de Oliveira et al. 2013). 
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It is indicated that gut microbiota varied across the tract in abundance as well as in microbial 

composition. Understanding about this fluctuation of gut microbiota is still limited (de Oliveira 

et al. 2013; Mao et al. 2015; Zeng et al. 2017). And, the contribution of mucosa-associated 

population to this dynamics is further restrictedly comprehended despite its crucial role to the 

host (Van den Abbeele et al. 2011). 

Corn silage has been reported to harbor a rich source of Lactobacillaceae, which 

promoting to the ensiling process (Ni et al. 2017; Tang et al. 2017). The consumption of this 

silage-microbiota is considered to propose probiotic effect for the ruminants if these 

Lactobacillaceae could comply a satisfactory survivability throughout the gastrointestinal tract. 

In this study, we examined gut microbial communities across the gastrointestinal tract 

using goat model. All goats were fed corn silage as daily meal. Lactobacillus community was 

examined to understand how this community inhabited throughout the gastrointestinal tract and 

if silage-associated Lactobacillus community had influence on gut-associated Lactobacillus 

communities. We also investigated the digesta- and mucosa- associated microbiota to satisfy 

our own knowledge about their variation in different segments across the gastrointestinal tract 

as well as the differences in distribution between these two populations. 

 

5.3. Materials and methods 

Animals and sample collection – This study used four female goats (body weight: 35.6 ± 3.3 

kg). All goats were fed hay exclusively before experiment. The experimental diets were 

formulated to meet the energy requirement of the goats, containing 50% concentrates, 10% 

alfalfa hay, 40% whole crop corn silage on a DM basis. Goats were fed at 09:00 and 17:00 

everyday during 14 days of the experimental period. Goats were kept in stalls and fed ad libitum 

to assure 10% orts, and they were given free access to fresh water during the trial. 

Feces samples were collected at day 0 to compare feces microbiota before and after 

examination. On the day 14, the goats were sacrificed. Mucosa and digesta samples were 

collected from the rumen, abomasum, small intestine, cecum and rectum. Digesta samples of 

rumen, abomasum, cecum, and rectum were separately collected from each opened segment, 

and transferred to sterilized tube kept on ice. In case of small intestine, digesta sample was 

achieved by washing up the content of a 2-cm-in-length-small-intestine using sterilized saline 

water. The resulted liquid was collected into sterilized tube kept on ice. For mucosa samples, 2 

cm2-mucosa-tissue of each segment (except for rumen) was rinsed with sterilized saline water 

to eliminate contamination from the digesta. Sterilized glass slide was used to scrape the surface 

of mucosa tissue. The collected sample containing the mucosa-associated bacteria was washed 
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up by sterilized saline water and transferred into sterilized tube kept on ice. For rumen sample, 

after rinsing with sterilized saline water, the lining of the rumen wall harboring papillae was 

detached and directly transferred into sterilized tube. In addition, whole crop corn silage was 

collected. All of the resulted samples were then transferred to laboratory and stored at -30oC 

prior to DNA extraction. 

DNA extraction –All of the liquid samples were centrifuged shortly to achieve pellets. Bacterial 

DNA was extracted from achieved pellets (for liquid samples) and 200 mg of frozen samples 

(for digesta samples) using repeated bead beating plus column method (Yu and Morrison, 

2004). DNA concentration of each sample was determined by Invitrogen Qubit 2.0 Fluorometer 

with Qubit® dsDNA BR Assay Kits (Life Technologies Ltd., Paisley, UK). DNA samples was 

stored at -30oC for further examination. 

PCR – DGGE analysis – Bacterial DNA was subject to PCR using primers Lab159f (5’-GGA 

AACAGRTGCTAATACCG-3’) and Lab617r (5’-CACCGCTACACATGGAG-3’) for 

targeted Lactobacillus community (Heilig et al. 2002). Nested PCR were employed with 

universal primers GC357f (5’-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGG 

GGGGCCTACGGAGGCAGCAG-3’) and 517r (5’-ATTACCGCGGCTGCTGG-3’). 

Resulted PCR products were separated by DGGE by using the DCode Universal Mutation 

Detection System (Bio-Rad Laboratory Inc.). Polyacrylamide gels consisted of 8% (v/v) 

polyacrylamide. Denaturing gradient (Urea and Formamide) of 25 - 50% was used for the 

separation of the generated. Electrophoresis was performed for 8 h at 150 V in TAE buffer at a 

constant temperature of 60°C. Gels were stained with SYBR Green, observed by UV 

transilluminator and photographed. 

Species identification – PCR amplicons (with 357f (without GC clamp) and 517r primers) 

resulted from excised bands on DGGE gel were purified using FastGene® Gel/PCR Extraction 

Kits (Nippon Genetics Co., Ltd., Japan) according to the manufacturer’s instructions, inserted 

in to pTAC–1 vector and cloned into Escherichia coli strain DH5α competent cells 

(DynaExpress TA Cloning Kit; BioDynamics Laboratory Inc., Tokyo, Japan). Positive white 

clones are randomly selected and confirmed for the presence of expected size inserts by PCR. 

Subsequently, positive colonies were sub-cultured into LB broth media. Extracted plasmids 

should be employed for a new PCR amplification followed by purification. To enhance the 

quality of sequencing, the BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied 

Biosystems) was used according to the manufacturer’s instructions. DNA sequences were 

analyzed using an ABI PRISM 3130 sequencer (Applied Biosystems Inc., Foster City, Calif., 

U.S.A.). The Basic Local Alignment Search Tool (BLAST) program andGenBank databases 
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were used to determine the closest relatives of partial 16S rRNA gene sequences. Unknown 

sequences that shared greater than 98% identity with a sequence in the BLAST database were 

considered as identified. 

Quantitative PCR – A master mix for total quantification (357f (5’-ACGGGGGGCCT 

ACGGAGGCAGCAG-3’) and 517r (5’-ATTACCGCGGCTGCTGG-3’)), Bacteroides-

Prevotella-Porphyromonas population (BPP fwd (5’-GGTGTCGGCTTAAGTGCCAT-3’) 

and BPP rev (5’-CGGA(C/T)GTAAGGGCCGTGC-3’)), Clostridium cluster I&II population 

(Cl-perf fwd (5’-ATGCAAGTCGAGCGA(G/T)G-3’) and Cl-perf rev (5’-TATGCGGTAT 

TAATCT(C/T)CCTTT-3’)), Lactobacillus population (Lact fwd (5’-AGCAGTAGGGAAT 

CTTCCA-3’) and Lact rev (5’-CACCGCTACACATGGAG-3’)), Faecalibacterium prausnitzii 

(Fprau-2 fwd (5’- CCCTTCAGTGCCGCAGT-3’) and Fprau-2 rev (5’- GTCGCAGGATGTC 

AAGAC-3’) ((Rinttilä et al. 2004), Enterobacteriaceae population (Eco1457 fwd (5’-CATTG 

ACGTTACCCGCAGAAGAAGC-3’) and Eco1652 rev (5’-CTCTACGAGACTCAAGCTT 

GC-3’)), Ruminococcus albus population (Ralb561 fwd (5’-CAGGTGTGAAATTTAGGG 

GC-3’) and Ralb807 rev (5’-GTCAGTCCCCCCAC ACCTAG-3’)) (Bartosh et al. 2004), 

Fibrobacter succinogenes (Fibsuc fwd (5′-GGTATGGGATGAGCTTGC-3′) and Fibsuc rev 

(5′-GCCTGCCCCTGAACTATC-3′)) (Tajima et al. 2001) was prepared for each well 

contained following reagents: 2 x KAPA SYBR FAST qPCR Master Mix Universal (Kapa 

Biosystem Inc.) that contained integrated antibody-mediated hot start, SYBR Green I 

fluorescent dye, MgCl2, dNTPs, forward and reverse primers, and distilled water to a total of 

23 µl per well. To these, 2 µl of each sample or standard was added, and the plates were briefly 

spun down and placed in MiniOpticon Real-Time PCR Detection System (Bio-Rad Laboratory, 

Inc.) for analysis. Amplification programme involved an initial denaturation step at 95oC for 5 

min, followed by 35 cycles of denaturation at 95oC for 15s, primer annealing at optimal 

temperatures for each target bacterial group for 20 s, extension at 72oC for 30 s and an additional 

incubation step at 80-85oC for 30s to collect the fluorescent data (Rinttilä et al. 2004). 

Statistical analysis – Binary matrix resulted from DGGE banding patterns of Lactobacillus 

group was created to describe the presence or absence of individual band in all lanes. Resulted 

binary matrix was engaged to Principal Coordinates Analysis (PCO) to demonstrate similarity 

and differences between gut segments and mucosa vs. digesta samples using Primer version 7 

with Permanova + add-on software (Primer-E, Plymouth Marine Laboratory, and Plymouth, 

UK). Quantitative PCR data were subjected to one-way analysis of variance. Tukey’smultiple 

range test was performed using the JMP software (version 11; SAS Institute, Tokyo, Japan) to 

examine the differences between segments and samples. test. All data are presented as means 
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with their pooled standard error. 

 
Table 5.1. Proportion of Lactobacillus group, R. albus, F. prausnitzii, Enterobacteriaceae, 
Bacteroides–Prevotella–Porphyromonas group, F. succinogenes in digesta (D) and mucosa-adhered 
microbiota (M) of different sampling sites across the gastrointestinal tract of goat. Means with different 
subscripts are considered statistically different (p<0.05). §Sample type effect on bacterial population. 
†Regional effect on bacterial population. 

 

5.4. Results 

5.4.1. Habitation of Lactobacillus community from silage throughout the gastrointestinal 

tract of goat 

The Lactobacillus community was detected in silage samples and in all segments of the 

gastrointestinal tract regardless of sample type. Lactobacillus population was found as high as 

2.91 x 1010 copies/g on average in silage samples. But this population revealed a lower 

abundance in digesta- (1.36 x 109 copies/g) and mucosa-associated (7.97 x 107 copies/cm2) 

samples. Mucosa-associated Lactobacillus population showed significant higher number in 

small intestine comparing to other segments, while digesta-associated Lactobacillus population 

was rather stable across the tract (Fig. 5.3C). 

DGGE profile and species identification of Lactobacillus community revealed that the 

silage-associated Lactobacillus community was dominated by L. acetotolerans, L. 

parafarraginis, L. buchneri, and L. kefiri, while gut-associated Lactobacillus was belonged to 

 Regions Rumen Abomasum Small 
Intestine Cecum Rectum Feces 

0 day SE P 
value† 

Lactobacillus 
D 0.0009 0.0038 21.2467 0.0014 0.0001 0.0012 8.66  

M 0.0032 0.0113 0.0641 0.0230 0.0259 # 0.018  

P value§          

Ruminococcus 
albus 

D 0.0085 0.0099 0.0139 0.0026 0.0034 0.0104 0.005  

M 0.0037b 0.0496a 0.0065b 0.0080b 0.0358a # 0.006 * 
P value§   *   *    

Faecalibacterium 
prausnitzii 

D 0.1471 0.0941 0.2187 0.1847 0.2541 0.4929 0.093  

M 0.5201 0.2526 0.5288 0.2326 0.2824 # 0.152  
P value§  * *       

Enterobacteriaceae  
D 0.0004 0.0008 0.0329 0.0968 0.4436 0.0549 0.101  

M 0.0044 0.0137 0.0392 0.0435 0.0734 # 0.020  
P value§  * *       

Baceteriode –
Prevotella–

Porphyromonas 

D 8.2227ab 19.264a 0.0569b 6.196ab 7.295ab 2.731b 3.185 * 

M 5.1325b 13.260a 0.0654b 1.5842b 1.4479b # 1.614 * 
P value§     * *    

Fibrobacter 
succinogenes 

D 1.0361ab 1.4701a 0.6704ab 0.0442b 0.0226b 0.0225b 0.249 * 

M 5.1972b 26.461a 0.5236b 1.5863b 4.5321b # 1.564 * 
P value§  * *  * *    
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L. johnsonii, L. helviticus, L. acetotolerans, L. buchneri, L. crispatus, and many unidentified 

bacterium clone (Fig. 5.1). 

PCoA profile indicated that silage-associated Lactobacillus community was different 

from gut-associated ones. Mucosa-associated samples were distributed closely into one group, 

indicating that the mucosa-associated Lactobacillus community was similar between different 

segments of the gastrointestinal tract. In general, digesta-associated Lactobacillus samples were 

not statistically similar to each other, but these samples were allocated unrelatedly from the 

mucosa-associated ones (except for small intestine samples). Feces samples collected at day-0 

showed independent grouping pattern with other gut-associated samples collected at day-14 

(Fig. 5.2). 

 

 

Figure 5.1. DGGE banding patterns and species identification of Lactobacillus group of silage sample 
(S) and digesta (d) and mucosa-associated samples (m) across gastrointestinal tract of goat including 
rectum (RE, RE-0: Feces sample collected before examining period), cecum (CE), small intestine (SI), 
abomasum (AB), rumen (RU). 
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Figure 5.2. Principal Coordinate Analysis (PCoA) profile of Lactobacillus group based on DGGE 
banding pattern of digesta and mucosa-associated microbiota across the gastrointestinal tract of 4 goats 
and silage samples. 
 
 

5.4.2. Microbial population changing across the gastrointestinal tract of goat 

Total bacterial population showed different trends of distribution in digesta and mucosa 

samples. In digesta samples, total population appeared to be stable in different segments across 

the gastrointestinal tract, except for small intestine. Small intestine exposed the smallest 

bacterial population with two order lower in comparison to other segments. The opposite trend 

was observed in mucosa-associated samples. Small intestine samples indicated the most 

abundant population (Fig. 5.3A). 

In digesta samples, population of component bacterial groups also appeared to be lowest 

in small intestine, except for Lactobacillus and Enterobacteriaceae group. Bacteroides-

Prevotella-Porphyromonas group, R. albus, and F. succinogenes population showed their 

highest number in forestomach (rumen and abomasum). After a decline in number of small 

intestine, in large intestine (cecum and rectum) Bacteroides-Prevotella-Porphyromonas group 

and R. albus regained their number as great as their performance in forestomach, while F. 

succinogenes maintained the low number from small to large intestine. Enterobacteriaceae 

population was found smallest in abomasum and gradually increased their number to the largest 

population in rectum. F. prausnitzii showed a gradual decreased trend from rumen to small 

intestine and increased again to reach the highest population in rectum (Fig. 5.3). 
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In mucosa samples, across the gastrointestinal tract, the greatest number of several 

component bacterial groups was found in small intestine, such as Lactobacillus, 

Enterobacteriaceae, R. albus, and F. prausnitzii. The opposite pattern was observed for 

Bacteroidetes-Prevotella-Porphyromonas group and F. succinogenes, that showed smallest 

number in small intestine (Fig. 5.3). 

 

5.4.3. Comparative evaluation of digesta- and mucosa-associated microbial population 

across the gastrointestinal tract of goat 

The different sampling method was employed for digesta and mucosa samples, hence, 

the representing unit was also different. It’s infeasible to make direct comparison between 

digesta (copies/g) and mucosa (copies/cm2) samples for every segment across the 

gastrointestinal tract. Therefore, proportion of component bacterial group was calculated in 

order to earn a synchronized evaluation. The proportion of Lactobacillus, Bacteroides-

Prevotella-Porphyromonas, Enterobacteriaceace, R. albus, F. prausnitzii, F. succinogenes of 

digesta and mucosa samples across the gastrointestinal tract were presented in the Table 1. 

Lactobacillus, Enterobacteriaceae, F. prausnitzii did not revealed any fluctuation in their 

proportion across the gastrointestinal tract regardless of sample type. Bacteroides-Prevotella-

Porphyromonas, F. succinogenes and mucosa-associated R. albus showed significant variation 

across the tract, which all described their highest proportion in abomasum (Table 5.1). 

When comparing between digest and their corresponding mucosa samples, abomasum 

was the segment that showed several differences between these two microbiota, referring to R. 

albus, F. prausnitzii, F. succinogenes, and Enterobacteriaceae population. Rumen indicated 

the greater proportion of mucosa-associated F. prausnitzii, F. succinogenes, and 

Enterobacteriaceae than those of digesta samples. Whereas, cecum and rectum revealed the 

greater proportion of digesta-associated Bacteroides-Prevotella-Porphyromonas and F. 

succinogenes. But R. albus exposed its higher proportion in mucosa-associated microbiota of 

rectum (Table 5.1). 
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Figure 5.3. Relative abundance of total bacteria (A), R. albus (B), Lactobacillus group (C), F. 
prausnitzii (D), Enterobacteriaceae (E), F. succinogenes (F), Bacteroides–Prevotella–Porphyromonas 
group (G) population of digesta- (log 16S rRNA gene copies/g) and mucosa-associated (log 16S rRNA 
gene copies/cm2) samples across the gastrointestinal tract of goat. Superscripts with different characters 
above their whiskers are considered statistically different (a, b, and c for digesta samples and x, y, and 
z for mucosa samples, p<0.05). 
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5.5. Discussion 

Symbiotic gut microbiota colonizing the gastrointestinal of the animal have long been 

recognized to provide crucial benefits to the host. However, limited studies have been 

conducted to characterize the microbial community inhabiting in different segments across the 

gastrointestinal tract (de Oliveira et al. 2013; Gu et al. 2013; Mao et al. 2015; Zeng et al. 2017). 

In general, this symbiotic gut microbiota has been contributed by three subpopulations, 

including digesta-associated, mucosa-associated, and food-associated microbiota. These three 

microbial population has been supposed to interact with each other across the gastrointestinal 

tract (Cheng et al. 1979; Li et al. 2011). Hence, in the current study, microbiota of digesta-, 

mucosa- and feed-associated samples were examined using goat model for understanding about 

the dynamic and relation between these three microbiota across the gastrointestinal tract. 

In silage, where lactic acid fermentation usually occurs, a rich source of lactic acid 

bacteria (LAB) could be found. The consumption of this rich LAB-silage-microbiota could 

supposed to a probiosis effect accumulation for the ruminants if these LAB could comply a 

satisfactory survivability and compatibility throughout the gastrointestinal tract. In this study, 

corn silage, which has been overwhelmed by Lactobacillaceae (Ni et al. 2017; Tang et al. 

2017), was provided to goats. Hence, Lactobacillus community, the most important taxa 

contributing to the Lactobacillaceae, was examined for the structure and number in silage, in 

digesta and mucosa samples across the gastrointestinal tract. It is indicated that there had been 

variation in distribution of this community between different sampling sites and sampling types. 

There were changes appeared in Lactobacillus group composition before and after 

examination based on PCoA profile. The 0-day-Lactobacillus community in feces was 

separated from the other 14-day-Lactobacillus communities (Fig. 5.2). However, all of the gut-

associated samples showed a different pattern from silage-associated ones, that indicated silage-

associated Lactobacillus community had no influence on gut-associated Lactobacillus 

communities across the gastrointestinal tract. Only L. acetotolerans was found in common 

between silage samples and all gut microbiota samples. Rather than silage-associated 

microbiota, changing in diet formulation from 100% fiber to 50% fiber and 50% concentrate 

was assumed to have effects on gut-associated microbiota. 

Mucosa-associated Lactobacillus composition was more stable and differentiated from 

digesta-associated Lactobacillus community throughout the gastrointestinal tract, except for 

small intestine-associated samples that was similar between digesta and mucosa samples (Fig. 

5.2). This finding is consistent with a study of Li et al. (2012) that suggested the tissue-

associated bacteria may be less dynamic compared to the content-associated bacteria using 
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PCR-DGGE analysis (Li et al. 2012). However, although composition of mucosa-associated 

Lactobacillus community is stable across the gastrointestinal tract, relative abundance is rather 

regionally fluctuated (Fig. 5.3C). When comparing between digesta- and their corresponding 

mucosa-associated samples, proportion of mucosa-associated Lactobacillus was numerically 

higher than that of digesta-associated microbiota. Small intestine seemed to be the preferable 

habitat for Lactobacillus, which indicated the rather high proportion of this community 

comparing to other segments (difference is not significant). 

Total bacterial quantification and several component bacterial populations were 

examined for all samples from digesta and mucosa samples across the gastrointestinal tract 

(Fig. 5.3). The lower number of small intestine-associated samples could be supposed to related 

to the different sample collecting comparing to other digesta samples. Small DNA yield and 

consequent small number of quantitative copies could be derived from the smaller amount of 

digesta samples from small intestine. The trend of variation in abundance of total population in 

digesta seemed to be contributed mainly by Bacteroides-Prevotella-Porphyromonas group, R. 

albus, and F. prausnitzii population (Fig. 5.3A, B, D, G). In our study, Bacteroides and 

Prevotella, the two main genera composing to phylum Bacteroidetes, showed their high 

population in the rumen and abumasum, that is consistent with other reports which indicated 

Bacteroidetes was the most abundant phylum in the forestomach of bovines (Mao et al. 2015; 

Peng et al. 2015). However, the increase of Bacteroides and Prevotella population in cecum 

and rectum of our study was opposite to finding of Mao et al. (2015), who implied that these 

genera would decline their abundance into neglectable level comparing to the one in 

forestomach of bovines, especially for digesta samples (Mao et al. 2015). The finding that 

number of dominant fibrolytic bacteria, R. albus and F. succinogenes, were consistently high 

in the rumen and abomasum, is in agreement with report of Zeng et al. (2015) in bovines. Zeng 

et al. (2017) using Illumina Miseq sequencing revealed that Fibrobacter was discovered only 

in the forestomach, and Faecalibacterium was determined only in large intestine (Zeng et al. 

2017). Whereas, F. succinogenes and F. prausnitzii was detected at meaningful level in all 

segments of gastrointestinal tract of our goats (Fig. 5.3D, F). The different findings could be 

attributed to difference in techniques, among which qPCR has been considered more sensitive 

in discover the minor population than robust Miseq sequencing. The other possible reason could 

be explained by different host animals. In mucosa samples, except for Bacteroides-Prevotella-

Porphyromonas and F. succinogenes population, small intestine showed a greater number of 

bacteria than other segments across the gastrointestinal tract. The cause of the increase in 
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bacterial density in the small intestine is not clear, and further studies are needed to clarify this 

concerning. 

Principally, the distribution of bacteria in digesta and mucosa tissues is different. 

Digesta-associated bacteria are freely inhabiting in the lumen of gastrointestinal tract, while 

mucosa-associated bacteria are only adhered on the surface of the mucosa tissue. Despite the 

different distribution of these two microbiota, several reports had tried to equalize the source 

of sampling when comparing digesta- and mucosa-associated microbiota (Li et al. 2012; Mao 

et al. 2015). The equal volume or weight of sample could not provide a comparative evaluation 

for these microbial population. Hence, to reflect the actual density of the two microbiota, 

different units were used to represent data. The shortcoming is the difficulties of making cross 

comparison to other reports and also between digesta and mucosa samples in our own study. 

Proportion of several component bacterial populations were calculated in order to have a 

synchronized comparison (Table 5.1). There were several differences in microbial proportion 

between digesta and mucosa samples across the gastrointestinal tract. Abomasum was the 

segment that showed large variation between digesta and mucosa samples, while small 

intestine-associated digesta and mucosa were not differentiated in their microbial proportion 

(Table 5.1). F. prausnitzii, a well-known butyrate producer and a putative immune regulator at 

microbiota-host interface, was reported to be consistently and abundantly present in the 

mucosa-associated microbiota of the healthy object (Duncan et al. 2002; Soko et al. 2008; 

Willing et al. 2009; Van den Abbeele et al. 2011). The greater abundance of F. prausnitzii in 

mucosa-associated microbiota was confirmed in this study, significantly in rumen and 

abomasum (Table 5.1). The presence of F. prausnitzii in mucosa-associated microbiota 

supported to their ability of producing butyrate close to epithelium, enhancing the butyrate 

bioavailability for proliferating epithelium for the host animal (Van den Abbeele et al. 2011). 

Fibrolytic F. succinogenes and R. albus indicated their higher proportion of mucosa-associasted 

microbiota in several segments across the gastrointestinal tract. This finding was opposed to a 

study of Li et al (2012) that phyla Fibrobacteres was only detected in the bovine rumen digesta 

but not in rumen mucosa community (Li et al. 2012), while Malmuthuge et al. (2014) discorved 

Fibrobacter in both mucosa- and digesta-associated community of preweaned calves 

(Malmuthuge et al. 2014). 

In conclusion, the study showed that silage-associated Lactobacillus community had no 

influence on gut-associated Lactobacillus communities across the gastrointestinal tract of goats. 

Composition of mucosa-associated Lactobacillus community is more stable than the one of 

digesta samples across the gastrointestinal tract, but relative abundance is rather regionally 
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fluctuated. Total microbial population and its component bacterial population were varied in 

number across the gastrointestinal tract of goats for both digesta and mucosa samples. 

Throughout the tract, abomasum-associated microbiota indicated the greater differences in 

bacterial composition between digesta and mucosa samples, while no difference was seen in 

digesta- and mucosa-associated small intestine microbiota. 
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CHAPTER 6 

GENERAL CONCLUSION 

 

The divergence of gut microbiota in ruminants is affected by many factors including 

genotype, aging, farm management, geographical locations, and diet formulation. Likewise, 

differences can be seen even when animals consume the same diet and show similar 

physiological profiles. Because microbial activity and metabolism in the gut is a key to secure 

health and productivity of ruminants, understanding robustness and resilience of the gut 

microbiota is of great importance. Therefore, in this thesis, three experiments were carried out 

to examine variability, stability, and adaptability of gut microbiota in relation to feeding and 

nutritional management. 

In early life of Holstein heifers, weaning, with the transition of diet from milk to solid 

feed, showed a substantial effect on the gastrointestinal microbiota composition in all bacterial 

taxa examinned, whereas no changes were observed thereafter. The composition of 

Lactobacillus group changed over the growing stage, while maintaining high similarity between 

individual heifers. These findings indicated that weaning had a marked influence on the gut 

microbiota especially in the composition. Management during this transition period may be 

critical in shaping gut microbiota, whereas silage microbiota would have no effects. 

In lactating cows, rather than diet (silage) microbiota, feeding management and 

geographical location may contribute greatly to shaping the gut microbiota of silage-fed dairy 

cows. Although fecal microbiota composition was similar in most samples, relative abundances 

of several families varied with regard to farms, countries and feeding managements. In addition, 

cow-to-cow variation for concentrate-associated families was also found in the same farm. 

Lactobacillaceae were dominant in all silages, while in feces, the predominant families were 

Ruminococcaceae, Bacteroidaceae, Clostridiaceae, Lachnospiraceae, and Rikenellaceae. 

Lactobacillaceae of corn silage appeared to be eliminated in the gastrointestinal tract. These 

findings help to envisage the effects of feeding management and diet formulation on gut 

microbiota of silage-fed dairy cows. 

Across the gastrointestinal tract of ruminants, regardless of digesta- and mucosa-

associated samples, the bacterial populations varied across gut segments and between bacterial 

taxa. In digesta-associated samples, the populations of total bacteria. Lactobacillus spp. in 

silage had no influence on gut-associated Lactobacillus spp. Difference of Lactobacillus 

composition between digesta- and mucosa-associated samples was shown regardless of gut 
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segments. These results indicated dynamics of bacterial populations in the gastrointestinal tract 

and concrete differences between digesta- and mucosa-associated microbiota. 

In general, diet formulation and feeding management showed substantial influence on 

shaping the gut microbiota in ruminants, whereas food-borne bacteria like silage lactic acid 

bacteria had little ability of modulation. Weaning had a great impact regardless of bacterial taxa 

and difference between total mixed ration feeding and separate feeding had effects on the 

proportions of concentrate- and fiber-associated bacteria. Variations with regard to farms, 

countries, and individual cows were also seen in relative abundances of several bacterial 

families. Differences between gut segments and between digesta- and mucosa-associated 

samples were distinctive. Because most of the findings to date are derived from rectum samples, 

there is still a large room for improvement on understanding the roles and functions of gut 

microbiota in ruminants. 

 

 

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



71 
	

References 
Abecia L, Ramos-Morales E, Martínez-Fernandez G, Arco A, Martín-García AI, Newbold CJ (2014) Feeding 

management in early life influences microbial colonization and fermentation in the rumen of newborn 
goat kids. Anim Prod Sci 54:1449-1454 

Adlerberth I, Carlsson B, de Man P, Jalil F, Khan SR, Larsson P, Mellander L, Svanborg C, Wold AE, Hanson 
LA (1991) Intestinal colonization with Enterobacteriaceae in Pakistani and Swedish hospital-deliveried 
infants. Acta Paediatr Scand 80(6-7):602-10. 

Alam M, Midtvedt T, Uribe A (1994) Differential cell kinetics in the ileum and colon of germfree rats. Scand J 
Gastroenterol 29(5):445-51.  

Anderson CL, Schneider CJ, Erickson GE, MacDonald JC, Fernando SC (2016) Rumen bacterial communities 
can be acclimated faster to high concentrate diets than currently implemented feedlot programs. J Appl 
Microbiol 120:588-599. doi: 10.1111/jam.13039 

Arumugam M, Raes J, Pelletier E, Paslier DL, Yamada T, Mende DR, Fernandes GR, Tap J, Bruls T, Batto JM, 
Bertalan M, Borruel N, Casellas F, Fernandez L, Gautier L, Hansen T, Hattori M, Hayashi T, Kleerebezem 
M, Kurokawa K, Leclerc M, Levenez F, Manichanh C, Nielsen HB, Nielsen T, Pons N, Poulain J, Qin J, 
Sicheritz-Ponten T, Tims S, Torrents D, Ugarte E, Zoetenda EG, Wang J, Guarner F, Pedersen O, de Vos 
DM, Brunak S, Dore J, MetaHIT Consortium, Weissenbach J, Ehrlich SD, Bork P (2011) Enterotypes of 
the human gut microbiome. Nature 473:174-180. doi: 0.1038/nature09944 

Backhed F, Ding H, Wang T, Hooper LV, Koh GY, et al. (2004) The gut microbiota as an environmental factor 
that regulates fat storage. Proc Natl Acad Sci USA 101:15718-15723. doi: 0.1073 pnas.0407076101  

Bartosch S, Fite A, Macfarlane GT, McMurdo MET (2004) Characterization of Bacterial Communities in Feces 
from Healthy Elderly Volunteers and Hospitalized Elderly Patients by Using Real-Time PCR and Effects 
of Antibiotic Treatment on the Fecal Microbiota. Appl Environ Microbiol 70:3575-3581. 
doi:10.1128/AEM.70.6.3575 

Beauchemin KA, Wang WZ (2005) Effects of physically effective fiber on intake, chewing activity, and ruminal 
acidosis for dairy cows fed diets based on corn silage. J Dairy Sci 88:2117-2129. doi: 10.3168/jds.S0022-
0302(05)72888-5 

Benchaar C, Petit HV, Berthiaume R, Ouellet DR, Chiquette J, Chouinard PY (2007) Effects of essential oils on 
digestion, ruminal fermentation, rumen microbial populations, milk production, and milk composition in 
dairy cows fed alfalfa silage or corn silage. J Dairy Sci 90:886-897. doi: 10.3168/jds.S0022-0302(07)71572-
2 

Bernalier-Donadille A(2010) Fermentative metabolism by the human gut microbiota. Gastroenterol Clin Biol 34 
Suppl 1:S16-22. doi: 10.1016/S0399-8320(10)70016-6 

Bernet MF, Brassart D, Neeser JR, Servin AL (1994) Lactobacillus acidophilus LA 1 binds to cultured human 
intestinal cell lines and inhibits cell attachment and cell invasion by enterovirulent bacteria. Gut 
35(4):483-9. 

Bernhard AE, Field KG (2000) Identification of Nonpoint Sources of Fecal Pollution in Coastal Waters by Using 
Host-Specific 16S Ribosomal DNA Genetic Markers from Fecal Anaerobes. Appl Environ 
Microbiol 66:1587-1594.doi: 10.1128/AEM.66.4.1587-1594.2000 

Bezirtzoglou E (1997) The intestinal microflora during the first weeks of life. Anaerobe 3(2-3):173-7. doi: 
10.1006/anae.1997.0102 

Björkstén B, Sepp E, Julge K, Voor T, Mikelsaar M (2001) Allergy development and the intestinal microflora 
during the first year of life. J Allergy Clin Immunol 108(4):516-20. doi: 10.1067/mai.2001.118130. 

Broderick GA, Radloff WJ (2004) Effect of molasses supplementation on the production of lactating dairy cows 
fed diets based on alfalfa and corn silage. J Dairy Sci 87:2997-3009. doi: 10.3168/jds.S0022-
0302(04)73431-1 

Butler JE, Sun J, Weber P, Navarro P, Francis D (2000) Antibody repertoire development in fetal and newborn 
piglets, III. Colonization of the gastrointestinal tract selectively diversifies the preimmune repertoire in 
mucosal lymphoid tissues. Immunology 100(1):119-30. 

Callaway TR, Ricke SC (2012) Direct - Fed Microbials and Prebiotics for Animals. Springer New York Dordrecht 
Heidelberg London. doi: 10.1007/978-1-4614-1311-0 

Castillo AR, Kebreab E, Beever DE, Barbi JH, Sutton JD, Kirby HC, France J (2001) The effect of protein 
supplementation on nitrogen utilization in lactating dairy cows fed grass silage diets. J Anim Sci 79:247-
253. doi: 10.2527/2001.791247x 



72 
	

Cheng KJ, Wallace RJ (1979) The mechanism of passage of endogenous urea through the rumen wall and the role 
of ureolytic epithelial bacteria in the urea flux. Br J Nutr 42:553-557. doi:10.1079/BJN19790147 

Claesson MJ, Cusack S, O'Sullivan O, Greene-Diniz R, de Weerd H, Flannery E, Marchesi JR, Falush D, Dinan 
T, Fitzgerald G, Stanton C, van Sinderen D, O'Connor M, Harnedy N, O'Connor K, Henry C, O'Mahony 
D, Fitzgerald AP, Shanahan F, Twomey C, Hill C, Ross RP, O'Toole PW (2011) Composition, variability, 
and temporal stability of the intestinal miccrobiota of the elderly. Proc Natl Acad Sci U S A 108 Suppl 
1:4586-91. doi: 10.1073/pnas.1000097107 

Claesson MJ, Wang Q, O’Sullivan O, Diniz RG, Cole JR, Ross RP, O’Toole PW (2010) Comparison of two next-
generation sequencing technologies for resolving highly complex microbiota composition using tandem 
variable 16S rRNA gene regions. Nucleic Acids Res 38:e200. doi: 10.1093/nar/gkq873 

Cummings JH, Englyst HN (1991) What is dietary fibre? Trends in Food Science and Technology, 2, 99-103.  
D'Aversa F, Tortora A, Ianiro G, Ponziani FR, Annicchiarico BE, Gasbarrini A (2013) Gut microbiota and 

metabolic syndrome. Intern Emerg Med 1:S11-5. doi: 10.1007/s11739-013-0916-z 
De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet JB, Massart S, Collini S, Pieraccini G, Lionetti P 

(2010) Impact of diet in shaping gut microbiota revealed by a comparative study in children from Europe 
and rural Africa. Proc Natl Acad Sci 107:14691-14706. doi:10.1073/pnas.1005963107 

de Oliveira MN, Jewell KA, Freitas FS, Benjamin LA, Tótola MR, Borges AC, Moraes CA, Suen G (2013) 
Characterizing the microbiota across the gastrointestinal tract of a Brazilian Nelore steer. Vet Microbiol. 
2013 Jun 28;164(3-4):307-14. doi: 10.1016/j.vetmic.2013.02.013 

De Paula Vieira A, von Keyserlingk MAG, Weary DM (2012) Presence of an older weaned companion influences 
feeding behaviour and improves performance of dairy calves before and after weaning from milk. J Dairy 
Sci 95:3218-3224. doi: 10.3168/jds.2011-4821 

Derakhshani H, De Buck J, Mortier R, W. Barkema H, O. Krause D, Khafipou E (2016) The features of fecal and 
ileal mucosa-associated microbiota in dairy calves during early infection with Mycobacterium avium 
Subspecies paratuberculosis. Front Microbiol 7:1-13. doi: 10.3389/fmicb.2016.00426 

Dominguez-Bello MG, Blaser MJ, Ley RE, Knight R (2011) Development of the human gastrointestinal 
microbiota and insights from high-throughput sequencing. Gastroenterology 140(6):1713-9. doi: 
10.1053/j.gastro.2011.02.011 

Dominguez-Bello MG, Costello EK, Contreras M, Magris M, Hidalgo G, Fierer N (2010) Delivery mode shapes 
the acquisition and structure of the initial microbiota across multiple body habitats in newborns. Proc 
Natl Acad Sci USA 107:11971-11975. doi: 10.1073/pnas.1002 601107 

Donovan DC, Franklin ST, Chase CC, Hippen AR (2002) Growth and health of Holstein calves fed milk replacers 
supplemented with antibiotics or enteroguard. J Dairy Sci 85:947-950. doi: 10.3168/jds.S0022-
0302(02)74153-2 

Drouault S, Corthier G, Ehrlich SD, Renault P (1999) Survival, physiology, and lysis of Lactococcus lactis in the 
digestive tract. Appl Environ Microbiol 5(11):4881-6 

Duncan SH, Belenguer A, Holtrop G, Johnstone AM, Flint HJ, Lobley GE (2007) Reduced dietary intake of 
carbohydrates by obese subjects results in desreased concentrations of butyrates and butyrate-producing 
bacteria in feces. Appl Environ Microbiol 73(4):1073-8. 

Duncan SH, Hold GL, Harmsen HJM, Stewart CS, Flint HJ (2002) Growth requirements and fermentation 
products of Fusobacterium prausnitzii, and a proposal to reclassify it as Faecalibacterium prausnitzii 
gen. nov., comb. nov. Int J Syst Evol Micr 52: 2141-2146. doi:10.1099/ijs.0.02241-0 

Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent M, Gill SR,  Nelson KE, and   Relman DA 
(2005) Diversity of the Human Intestinal Microbial Flora. Science 308(5728):1635–1638. doi: 
10.1126/science.1110591 

Fanaro S, Chierici R, Guerrini P, Vigi V (2003) Intestinal microflora in early infancy: composition and 
development. Acta Paediatr Suppl 91(441):48-55. 

Gaggìa F, Mattarelli P, Biavati B (2010) Probiotics and prebiotics in animal feeding for safe food production. Int 
J Food Microbiol 141 Suppl 1:S15-28. doi: 10.1016/j.ijfoodmicro.2010.02.031 

Ganz T (2003) Defensins: antimicrobial peptides of innate immunity. Nat Rev Immunol 3(9):710-20. doi: 
10.1038/nri1180 

Goodrich JK, Waters JL, Poole AC, Sutter JL, Koren O, Blekhman R, Beaumont M, Van Treuren W, Knight R, 
Bell JT, Spector TD, Clark AG, Ley RE (2014) Human genetics shape the gut microbiome. Cell 159:789-
799. doi: 10.1016/j.cell.2014.09.053 

Gu S, Chen D, Zhang JN, Lv X, Wang K, Duan LP, Nie Y, Wu XL (2013) Bacterial Community Mapping of the 
Mouse Gastrointestinal Tract. PLoS ONE 8(10):e74957. doi:10.1371/journal.pone.0074957 



73 
	

Guan LL, Nkrumah JD, Basarab JA, Moore SS (2008) Linkage of microbial ecology to phenotype: correlation of 
rumen microbial ecology to cattle's feed efficiency. FEMS Microbiol Lett 288(1):85-91. doi: 
10.1111/j.1574-6968.2008.01343.x 

Guarner F, Malagelada JR (2003) Gut Flora in Health and Diseases. Lancet 361(9356):512-9. doi: 10.1016/S0140-
6736(03)12489-0 

Hamer HM, De Preter V, Windey K, Verbeke K (2012) Functional analysis of colonic bacterial metabolism: 
relevant to health? Am J Physiol Gastrointest Liver Physiol 302(1):G1-9. doi: 10.1152/ajpgi.00048.2011 

Han K, Bose S, Wang J, Kim BS, Kim MJ, Kim EJ, Kim H (2015) Contrasting effects of fresh and fermented 
kimchi consumption on gutmicrobiota composition and gene expression related tometabolic syndrome in 
obeseKoreanwomen.Mol Nutr Food Res 59:1004-1008. doi:10.1002/mnfr.201400780 

Harmsen HJ, Wildeboer-Veloo AC, Raangs GC, Wagendop AA, Klijn N, Bindels JG, Welling GW (2000) 
Analysis of intestinal flora development in breast-fed and formula-fed infants by using molecular 
identification and detection methods. J Pediatr Gastroenterol Nutr 30(1):61-7. 

Heilig HGH, Zoetendal EG, Vaughan EE, Marteau P, Akkermans ADL, de Vos WM (2002) Molecular Diversity 
of Lactobacillus spp. and Other Lactic Acid Bacteria in the Human Intestine as Determined by Specific 
Amplification of 16S Ribosomal DNA. Appl Environ Microbiol 68: 114-123. 
doi:10.1128/AEM.68.1.114 

Higgins JP, Higgins SE, Vicente JL, Wolfenden AD, Tellez G, Hargis BM (2007) Temporal effects of lactic acid 
bacteria probiotic culture on Salmonella in neonatal broilers. Poult Sci. 2007 Aug;86(8):1662-6. 

Higgins SE, Higgins JP, Wolfenden AD, Henderson SN, Torres-Rodriguez A, Tellez G, Hargis B (2008) 
Evaluation of a Lactobacillus-based probiotic culture for the reduction of Salmonella enteritidis in 
neonatal broiler chicks. Poult Sci 87(1):27-31. 

Hogenová HT, Štěpánková R, Kozáková H, Hudcovic T, Vannucci L, Tučková L, Rossmann P, Hrnčíř T, Kverka 
M, Zákostelská Z, Sanchez D, Fundová P, Borovská D, Šrůtková D, Zídek Z, Schwarzer M, Drastich P, 
Funda DP (2011) The role of gut microbiota (commensal bacteria) and the mucosal barrier in the 
pathogenesis of inflammatory and autoimmune diseases and cancer: contribution of germ-free and 
gnotobioticanimal models of human diseases. Cell Mol Immunol 8(2):110-120. doi: 
10.1038/cmi.2010.67 

Hooper LV, Wong MH, Thelin A, Hansson L, Falk PG, Gordon JI (2001) Molecular analysis of commensal host-
microbial relationships in the intestine. Science 291(5505):881-4. 

Hooper LV, Xu J, Falk PG, Midtvedt T, Gordon JI (1999) A molecular sensor that allows a gut commensal to 
control its nutrient foundation in a competitive ecosystem. Proc Natl Acad Sci USA 96(17):9833-8. 

Hrncir T, Stepankova R, Kozakova H, Hudcovic T, Tlaskalova-Hogenova H (2008) Gut microbiota and 
lipopolysaccharide content of the diet influence development of regulatory T cells: Studies in germ-free 
mice. BMC Immunol 9:65. doi: 10.1186/1471-2172-9-65. 

Hung CC, Chenga CH, Chenga LH, Lianga CM, Linb CY (2008) Application of Clostridium-specific PCR primers 
on the analysis of dark fermentation hydrogen-producing bacterial community. Int J Hydrogen Energy 
33:1586-1592. doi:10.1016/j.ijhydene.2007.09.037 

Jami E, Israel A, Kotser A, Mizrahi I (2013) Exploring the bovine rumen bacterial community from birth to 
adulthood. The ISME Journal (7)1069–1079. doi: 10.1038/ismej.2013.2 

Jami E, Mizrahi I (2012a) Composition and similarity of bovine rumen microbiota across individual animals. PLoS 
ONE 7:1-8. doi: 10.1371/journal.pone.0033306 

Jami E, Mizrahi I (2012b) Similarity of the ruminal bacteria across individual lactating cows. Anaerobe 18:338-
343. doi: 10.1016/j.anaerobe.2012.04.003 

Jewell KA, McCormick CA, Odt CL, Weimer PJ, Suen G (2015) Ruminal bacterial community composition in 
dairy cows is dynamic over the course of two lactations and correlates with feed efficiency. Appl Environ 
Microbiol 81:4697-4710. doi: 10.1128/AEM.00720-15 

Jung JY, Lee SH, Jeon CO (2014) Kimchi microflora: history, current status, and perspectives for industrial kimchi 
production. Appl Microbiol Biotechnol 98:2385-2393. doi: 10.1007/s00253-014-5513-1 

Khachatryan ZA, Ktsoyan ZA, Manukyan GP, Kelly D, Ghazaryan KA, Aminov RI (2008) Predominant Role of 
Host Genetics in Controlling the Composition of Gut Microbiota. PLoS One 3(8):e3064. doi: 
10.1371/journal.pone.0003064 

Khafipour E, Li S, Tun HM, Derakhshani H, Moossavi S, Plaizier JC (2016) Effects of grain feeding on microbiota 
in the digestive tract of cattle. Animal Frontiers 6:13-19. doi: 10.2527/af.2016-0018 

Kim M, Kim J, Kuehn LA, Bono JL, Berry ED, Kalchayanand N, Freetly HC, Benson AK, Wells JE (2014) 
Investigation of bacterial diversity in the feces of cattle fed different diets. J Anim Sci 92:683-694. doi: 
10.2527/jas2013-6841 

Kleessen B, Elsayed NA, Loehren U, Schroedl W, Krueger M (2003) Jejusalem artichokes stimulate growth of 
broiler chickens and protect them against endotoxins and potential cecal pathogens. J Food Prot 
66(11):2171-5. 



74 
	

Klein-Jöbstl D, Schornsteiner E, Mann E, Wagner M, Drillich M, Schmitz-Esser S (2014) Pyrosequencing reveals 
diverse fecal microbiota in Simmental calves during early development. Front Microbiol 5:622. doi: 
10.3389/fmicb.2014.00622 

Koenig JE, Spor A, Scalfone N, Fricker AD, Stombaugh J, Knight R, Angenent LT, Ley RE (2011) Succession of 
microbial consortia in the developing infant gut micribiome. Proc Natl Acad Sci U S A 108 Suppl 1:4578-
85. doi: 10.1073/pnas.1000081107 

Kraut-Cohen J, Tripathi V, Chen Y, Gatica J, Volchinski V, Sela S, Weinberg Z, Cytryn E (2016) Temporal and 
spatial assessment of microbial communities in commercial silages from bunker silos. Appl Microbiol 
Biotechnol 100:6827-6835. doi: 10.1007/s00253-016-7512-x 

Kurokawa K, Itoh T, Kuwahara T, Oshima K, ToH, Toyoda A, Takami H, Morita H, Sharma VK, Srivastava TP, 
Taylor TD, Noguchi H, Mori H, Ogura Y, Ehrlich DS, Itoh K, Takagi T, Sakaki Y, Hayashi T, Hattori M 
(2007) Comparative metagenomics revealed commonly enriched gene sets in human gut microbiomes. 
DNA Res 14:169-181. doi: 10.1093/dnares/dsm018 

Lee KE, Choi UH, Ji GE (1996) Effect of Kimchi intake on the composition of human large intestinal bacteria. 
Korean J Food Sci Technol 28:981-986.  

Lewis ZT, Sidamonidze K, Tsaturyan V, Tsereteli D, Khachidze N, Pepoyan A, Zhgenti E, Tevzadze L, 
Manvelyan A, Balayan M, Imnadze P, Torok T, Lemay DG, Mills DA (2017) The Fecal Microbial 
Community of Breast-fed Infants from Armenia and Georgia. Sci Rep 7:40932. doi: 10.1038/srep40932 

Li M, Zhoua M, Adamowicz E, Basarab JA, Guana LL (2012) Characterization of bovine ruminal epithelial 
bacterial communities using 16S rRNA sequencing, PCR-DGGE, and qRT-PCR analysis. Vet Microbiol 
155:72-80. doi:10.1016/j.vetmic.2011.08.007 

Li RW, Connor EE, Li C, Baldwin Vi RL, Sparks ME (2012) Characterization of the rumen microbiota of pre-
ruminant calves using metagenomic tools. Environ Microbiol 14(1):129-39. doi: 10.1111/j.1462-
2920.2011.02543.x 

Liang G, Malmuthuge N, McFadden TB, Bao H, Griebel PJ, Stothard P (2014) Potential regulatory role of 
microRNAs in the development of bovine gastrointestinal tract during early life. PLoS ONE 9:92592. 
doi: 10.1371/journal.pone.0092592  

Libao-Mercado AJ, Zhu CL, Cant JP, Lapierre H, Thibault JN, Sève B, Fuller MF, de Lange CF (2009) Dietary 
and endogenous amino acids are the main contributors to microbial protein in the upper gut of normally 
nourished pigs. J Nutr 139(6):1088-94. doi: 10.3945/jn.108.103267 

Liévin V, Peiffer I, Hudault S, Rochat F, Brassart D, Neeser JR, Servin AL (2000) Bifidobacterium strains from 
resident infant human gastrointestinal microflora exert antimicrobial activity. Gut 47(5):646-52. 

Lima FS, Oikonomou G, Lima SF, Bicalho MLS, Ganda EK, Filho JCO, Lorenzo G, Trojacanec P, Bicalhoa RC 
(2015) Prepartum and postpartum rumen fluid microbiomes: Characterization and correlation with 
production traits in dairy cows. Appl Environ Microbiol 81:1327-1337. doi: 10.1128/AEM.03138-14 

Linnenbrink M, Wang J, Hardouin EA, Künzel S, Metzler D, Baines JF (2013)The role of biogeography in shaping 
diversity of the intestinal microbiota in house mice. Mol Ecol 22(7):1904-16. doi: 10.1111/mec.12206 

Liu J, Zhang M, Xue C, Zhu W, Mao S (2016) Characterization and comparison of the temporal dynamics of 
ruminal bacterial microbiota colonizing rice straw and alfalfa hay within ruminants. J Dairy Sci 99:1-14. 
doi: 10.3168/jds.2016-11398 

Macfarlane GT, Macfarlane S (1997) Human colonic microbiota: ecology, phisiology and metabolic potential of 
intestinal bacteria. Scand J Gastroenterol Suppl 222:3-9. doi: 10.1080/00365521.1997.11720708 

Mackie RI, Sghir A, Gaskins HR (1999) Developmental microbial ecology of neonatal gastrointestinal tract. Am 
J Clin Nutr 69(5):1035S-1045S. 

Maekawa M, Beauchemin KA, Christensen DA (2002)	Effect of Concentrate Level and Feeding Management on 
Chewing Activities, Saliva Production, and Ruminal pH of Lactating Dairy Cows.	J Dairy Sci 85:1165-
1175. doi: 10.3168/jds.S0022-0302(02)74179-9 

Malmuthuge N, Griebel PJ, Guana LL (2014) Taxonomic Identification of Commensal Bacteria Associated with 
the Mucosa and Digesta throughout the Gastrointestinal Tracts of Preweaned Calves.  Appl Environ 
Microbiol 80: 2021-2028. doi:10.1128/AEM.03864-13 

Mändar R, Mikelsaar M (1996) Transmission of mother's microflora to the newborn at birth. Biol Neonate 
69(1):30-5. 

Mao S, Huo W, Zhu W (2013) Use of Pyrosequencing to Characterize the Microbiota in the Ileum of Goats Fed 
with Increasing Proportion of Dietary Grain. Curr Microbiol 67(3):341-50. doi: 10.1007/s00284-013-
0371-0 

Mao S, Zhang M, Liu J, Zhu W (2015) Characterizing the bacterial microbiota across the gastrointestinal tracts of 
dairy cattle: member- ship and potential function. Sci Rep 5:16116. doi:10.1038/ srep16116 

Marques TM, Wall R, Ross RP, Fitzgerald GF, Ryan CA, Stanton C (2010) Programming infant gut microbiota: 
Influence of dietary and environmental factors. Curr Opin Biotechnol  (2):149-56. doi: 
10.1016/j.copbio.2010.03.020 



75 
	

Marteau P, Minekus M, Havenaar R, Huis in't Veld JH (1997) Survival of lactic acid bacteria in a dynamic model 
of the stomach and small intestine: validation and the effects of bile. J Dairy Sci 80(6):1031-7. doi: 
10.3168/jds.S0022-0302(97)76027-2 

Mazmanian SK, Liu CH, Tzianabos AO, Kasper DL (2005) An immunomodulatory molecule of symbiotic 
bacteria directs maturation of the host immune system. Cell 122:107-118. doi: 
10.1016/j.cell.2005.05.007 

McDonald P (1995) Animal Nutrition. London: Pearson Education.  
Menezes A, Lewis E, O’Donovan M, O’Neill BF, Clipson N, Doyle EM (2011) Microbiome analysis of dairy 

cows fed pasture or total mixed ration diets. FEMS Microbiol Ecol 78:256-265. doi: 10.1111/j.1574-
6941.2011.01151.x 

Mujico JR, Baccan GC, Gheorghe A, Díaz LE, Marcos A (2013) Changes in gut microbiota due to supplemented 
fatty acids in diet - induced obese mice. Br J Nutr 110(4):711-20. doi: 10.1017/S0007114512005612 

Ng SC, Lam EF, Lam TT, Chan Y, Law W, Tse PC, Kamm MA, Sung JJ, Chan FK, Wu JC (2013) Effect of 
probiotic bacteria on the intestinal microbiota in irritable bowel syndrome. J Gastroenterol Hepatol 
28(10):1624-31. doi: 10.1111/jgh.12306 

Ni K, Minh TT, Tu TTM, Tsuruta T, Pang H, Nishino N (2017) Comparative microbiota assessment of wilted 
Italian ryegrass, whole crop corn, and wilted alfalfa silage using denaturing gradient gel electrophoresis and 
next-generation sequencing. Appl Microbiol Biotechnol 101:1385-1394. doi: 10.1007/s00253-016-7900-2 

Nocek JE, Steele RL, Braund DG (1986) Performance of dairy cows fed forage and grain separately versus a total 
mixed ration. J Dairy Sci 69:2140-2147. doi: 10.3168/jds.S0022-0302(86)80646-4 

Oikonomou G, Teixeira AG, Foditsch C, Bicalho ML, Machado VS, Bicalho RC (2013) Fecal microbial diversity 
in pre-weaned dairy calves as described by pyrosequencing of metagenomic 16S rDNA. Associations of 
Faecalibacterium species with health and growth. PLoS One 8(4):e63157. doi: 
10.1371/journal.pone.0063157 

Oude Elferinck SJ, Driehuis F, Becker PM, Gottschal JC, Faber F, Spoelstra SF (2001) The presence of 
Acetobacter sp. in ensiled forage crops and ensiled industrial byproducts. Med Fac Landbouwkd Univ Gent 
66:427-430. 

Penders J, Thijs C, Vink C, Stelma FF, Snijders B, Kummeling I, van den Brandt PA, Stobberingh EE (2006) 
Factors Influencing the Composition of the Intestinal Microbiota in Early Infancy. Pediatrics 118(2):511-
21. doi: 10.1542/peds.2005-2824. 

Peng S, Yin J, Liu X, Jia B, Chang Z, Lu H, Jiang N, Chen Q (2015) First insights into the microbial diversity in 
the omasum and reticulum of bovine using Illumina sequencing. J Appl Genetics 56:393-401. 
doi:10.1007/s13353-014-0258 

Pérez-Cobas AE, Artacho A, Knecht H, Ferrús ML, Friedrichs A, Ott SJ, Moya A, Latorre A, Gosalbes MJ (2013) 
Differential Effects of Antibiotic Therapy on the Structure and Function of Human Gut Microbiota. PLoS 
One 8(11):e80201. doi: 10.1371/journal.pone.0080201. 

Pluske JR, Pethick DW, Hopwood DE, Hampson DJ (2002) Nutritional influences on some major enteric bacterial 
diseases of pig. Nutr Res Rev 15(2):333-71. doi: 10.1079/NRR200242 

Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh C, Nielsen T, Pons N, Levenez F, Yamada T, Mende 
DR, Li J, Xu J, Li S, Li D, Cao J, Wang B, Liang H, Zheng H, Xie Y, Tap J, Lepage P, Bertalan M, Batto 
JM, Hansen T, Le Paslier D, Linneberg A, Nielsen HB, Pelletier E, Renault P, Sicheritz-Ponten T, Turner 
K, Zhu H, Yu C, Li S, Jian M, Zhou Y, Li Y, Zhang X, Li S, Qin N, Yang H, Wang J, Brunak S, Doré J, 
Guarner F, Kristiansen K, Pedersen O, Parkhill J, Weissenbach J; MetaHIT Consortium, Bork P, Ehrlich 
SD, Wang J (2010) A human gut microbial gene catalogue established by metagenomic sequencing. 
Nature 464(7285):59-65. doi: 10.1038/nature08821 

Rambaud JC, Buts JP,  Corthier G, Flourié B (2006) Gut Microflora - Digestive Physiology and Pathology. John 
Libbey Eurotext. 

Rey M, Enjalbert F, Combes S, Cauquil L, Bouchez O, Monteils V (2014) Establishment of ruminal bacterial 
community in dairy calves from birth to weaning is sequential. J Appl Microbiol 116(2):245-57. doi: 
10.1111/jam.12405 

Rinttila T, Kassinen A, Malinen E, Krogius L, Palva A (2004) Development of an extensive set of 16S rDNA-
targeted primers for quantification of pathogenic and indigenous bacteria in faecal samples by real-time 
PCR. J Appl Microbiol 97:1166-1177. doi:10.1111/j.1365-2672.2004.02409.x 

Rist VT, Weiss E, Eklund M, Mosenthin R (2013) Impact of dietary protein on microbiota composition and activity 
in the gastrointestinal tract of piglets in relation to gut health: a review. Animal 7(7):1067-78. doi: 
10.1017/S1751731113000062 

Rudi K, Moen B, Sekelja M, Frisli T, Lee MRF (2012) An eight-year investigation of bovine livestock fecal 
microbiota. Vet Microbiol. doi: 10.1016/j.vetmic.2012.06.003 

Russell WR, Gratz SW, Duncan SH, Holtrop G, Ince J, Scobbie L, Duncan G, Johnstone AM, Lobley GE, Wallace 
RJ, Duthie GG, Flint HJ (2011) High-protein, reduced-carbohydrate weight-loss diets promote metabolite 



76 
	

profiles likely to be detrimental to colonic health. Am J Clin Nutr 93(5):1062-72. doi: 
10.3945/ajcn.110.002188 

Schrezenmeir J, de Vrese M (2001) Probiotics, prebiotics, and synbiotics-approaching a definition. Am J Clin Nutr 
73(2 Suppl):361S-364S. 

Scott KP, Gratz SW, Sheridan PO, Flint HJ, Duncan SH (2013) The influence of diet on the gut microbiota. 
Pharmacol Res 69(1):52-60. doi: 10.1016/j.phrs.2012.10.020. 

Shanks OC, Kelty CA, Archibeque S, Jenkins M, Newton RJ, McLellan SL, Huse SM, Sogin ML (2011) 
Community structures of fecal bacteria in cattle from different animal feeding operations. Appl Environ 
Microbiol 77:2992-3001. doi: 10.1128/AEM.02988-10 

Siavoshian S, Segain JP, Kornprobst M, Bonnet C, Cherbut C, Galmiche JP, Blottière HM. (2000) Butyrate and 
trichostatin A effects on the proliferation/differentiation of human intestinal epithelial cells: induction of 
cyclin D3 and p21 expression.  Gut 46(4):507-14. 

Soberon F, Raffrenato E, Everett RW, Van Amburgh ME (2012) Preweaning milk replacer intake and effects on 
long-term productivity of dairy calves. J Dairy Sci 95:783-793. doi: 10.3168/jds.2011-4391 

Sokol H, Pigneur B, Watterlot L, Lakhdari O, Bermúdez-Humarán LG, Gratadoux JJ, Blugeon S, Bridonneau 
C, Furet JP, Corthier G, Grangette C, Vasquez N, Pochart P, Trugnan G, Thomas G, Blottière HM, Doré 
J, Marteau P, Seksik P, Langella P (2008) Faecalibacterium prausnitzii is an anti-inflammatory 
commensal bacterium identified by gut microbiota analysis of Crohn disease patients. P Natl Acad Sci 
USA 105: 16731-16736. doi:10.1073 pnas.0804812105  

Spor A, Koren O, Ley R (2011) Unravelling the effects of the environment and host genotype on the gut 
microbiome. Nat Rev Microbiol (4):279-90. doi: 10.1038/nrmicro2540 

Stĕpánková R, Sinkora J, Hudcovic T, Kozáková H, Tlaskalová-Hogenová H (1998) Differences in development 
of lymphocyte subpopulations from gut-associated lymphatic tissue (GALT) of germfree and 
conventional rats: effect of aging. Folia Microbiol (Praha) 43(5):531-4. 

Tajima K, Aminov RI, Nagamine T, Matsui H, Nakamura M, Benno Y (2001) Diet-Dependent Shifts in the 
Bacterial Population of the Rumen Revealed with Real-Time PCR. Appl Environ Microbiol 67: 2766-
2774. doi:10.1128/AEM.67.6.2766 

Tang TM, Han H, Yu Z, Tsuruta T, Nishino N (2017) Variability, stability, and resilience of fecal microbiota in 
dairy cows fed whole crop corn silage. Appl Microbiol Biotechnol. doi:10.1007/s00253-017-8348-8  

Tannock GW (2001) Molecular assessment of intestinal microflora. Am J Clin Nutr 73(2 Suppl):410S-414S. 
Van den Abbeele P, Van de Wiele T, Verstraete W, Possemiers S (2011) The host selects mucosal and luminal 

associations of coevolved gut microorganisms: a novel concept. FEMS Microbiol Rev 35:681-704. 
doi:10.1111/j.1574-6976.2011.00270.x 

Walker AW, Duncan SH, McWilliam Leitch EC, Child MW, Flint HJ (2005) pH and peptide supply can radically 
alter bacterial populations and short-chain fatty acid ratios within microbial communities from human 
colon. Appl Environ Microbiol 71(7):3692-700. doi: 10.1128/AEM.71.7.3692-3700.2005 

Walker AW, Ince J, Duncan SH, Webster LM, Holtrop G, Ze X, Brown D, Stares MD, Scott P, Bergerat A, Louis 
P, McIntosh F, Johnstone AM, Lobley GE, Parkhill J, Flint HJ (2011) Dominant and diet-responsive 
groups of bacteria within the human colonic microbiota. ISME J 5(2):220-30. doi: 
10.1038/ismej.2010.118 

Welkie DG, Stevenson DM, Weimer PJ (2010) ARISA analysis of ruminal bacterial community dynamics in 
lactating dairy cows during the feeding cycle. Anaerobe 16:94-100. doi: 10.1016/j.anaerobe.2009.07.002 

Wilkinson MH (2002) Model intestinal microflora in computer simulation: A simulation and modeling package 
for host-microflora interactions. IEEE Trans Biomed Eng 49(10):1077-85. doi: 
10.1109/TBME.2002.803548 

Willing B, Halfvarson J, Dicksved J, Rosenquist M, Jarnerot G, Engstrand L, Tysk C, Jansson JK (2009) Twin 
studies reveal specific imbalances in the mucosa-associated microbiota of patients with ileal Crohn’s 
disease. Inflamm Bowel Dis 15: 653-660. doi:10.1002/ibd.20783 

Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras M, Magris M, Hidalgo G, 
Baldassano RN, Anokhin AP, Heath AC, Warner B, Reeder J, Kuczynski J, Caporaso JG, Lozupone CA, 
Lauber C, Clemente JC, Knights D, Knight R, Gordon JI (2012) Human gut microbiome viewed across 
age and geography. Nature 486(7402):222-7. doi: 10.1038/nature11053 

Younts-Dahl SM, Galyean ML, Loneragan GH, Elam NA, Brashears MM (2004) Dietary supplementation with 
Lactobacillus-Propionibacterium-based direct-fed with microbials and prevalence of Escherichia coli 
O157 in beef feedlot cattle anf on hides at harvest. J Food Prot 67(5):889-93. 

Yu Z, Morrison M (2004) Improved extraction of PCR-quality community DNA from digesta and fecal samples. 
BioTechniques 36:808-812. doi:10.2144/3605A0808 

Yusrizan, Chen TC (2003) Effect of adding chicory fructans in feed on broiler growth performance serum 
cholesterol and intestinal length. International Journal of Poultry Science  2(3) 214:219. 



77 
	

Zeng Y, Zeng D, Zhang Y, Ni X, Tang Y, Zhu H, Wang H, Yin Z, Pan K, Jing B (2015) Characterization of the 
cellulolytic bacteria communities along the gastrointestinal tract of Chinese Mongolian sheep by using 
PCR-DGGE and real-time PCR analysis. World J Microbiol Biotechnol 31:1103-1113. 
doi:10.1007/s11274-015-1860-z 

Zeng Y, Zeng D, Zhang Y, Ni X, Zhu H, Jian P, Zhou Y, Xu S, Lin Y, Li Y, Yin Z, Pan K, Jing B (2017) Microbial 
community compositions in the gastrointestinal tract of Chinese Mongolian sheep using Illumina MiSeq 
sequencing revealed high microbial diversity. AMB Expr 7:75. doi:10.1186/s13568-017-0378-1 

Zhang C, Zhang M, Pang X, Zhao Y, Wang L, Zhao L (2012) Structural resilence of the gut microbiota in adult 
mice under high-fat dietary perturbations. ISME J 6(10):1848-57. doi: 10.1038/ismej.2012.27 


