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ABSTRACT

The first objective of this study was to evaluate the 
dynamics and their potential association with animal 
performance of the microbiota in both the rumen and 
colon of dairy cows as they move from a nonlactation 
to a lactation ration. The second objective was to as-
sess the potential effects on the microbiota of live yeast 
supplementation. Twenty-one Holstein cows were split 
in 2 treatments consisting of 1 × 1010 cfu/d of live yeast 
(LY; n = 10) or no supplementation (control; n = 11) 
starting 21 d before until 21 d after calving. At 14 d 
before and 7 and 21 d after calving, samples of rumen 
and colon digesta were obtained from each cow using 
an endoscope. Total DNA was extracted and submit-
ted to high-throughput sequencing. Shannon diversity 
index, in both the rumen and colon, was unaffected 
by LY; however, in the rumen it was lowest 7 d after 
calving and returned to precalving values at 21 d in 
milk, whereas in the colon it was greatest 14 d be-
fore calving but decreased after calving. In the rumen, 
LY supplementation increased the relative abundance 
(RA) of Bacteroidales (group UCG-001), Lachnospira-
cea (groups UCG-002 and UCG-006), and Flexilinea 14 
d before calving, and increased RA of Streptococcus 21 
d after calving compared with control cows. However, 
changes in the ruminal microbiota were more drastic 
across days relative to calving than as influenced by the 
dietary treatment, and the effect of LY in the colon was 
milder than in the rumen. The ruminal RA of several 

genera was associated with postcalving DMI, and that 
of Gastranaerophilales was the only order positively as-
sociated with milk yield. Several genera were positively 
correlated with feed efficiency, with Clostridiales (un-
classified) being the only genus negatively associated 
with feed efficiency. In the colon, Prevotellaceae (group 
Ga6A1) was the only genus positively associated with 
feed efficiency. The ruminal RA of Prevotella 7 and 
Ruminobacter 14 d precalving was negatively correlated 
with dry matter intake and milk yield postcalving. 
The RA of Parabacteroides in the colon 14 d before 
calving was negatively correlated with milk yield, 
whereas the RA of Eggerthellaceae (unclassified) and 
Erysipelotrichaceae (groups c and unclassified) were 
positively correlated with feed efficiency. Interestingly, 
LY supplementation doubled the RA of Eggerthella-
ceae (unclassified) in the colon. It is concluded that 
microbial diversity in the rumen experiences a transient 
reduction after calving, whereas in the colon, the reduc-
tion is maintained at least until 21 d in milk. Most of 
the effects of LY on rumen microbiota were observed 
before calving, whereas in the colon, LY effects were 
more moderate but consistent and independent of the 
stage of production. The microbial community of the 
rumen after calving is more associated with feed intake, 
milk yield, and feed efficiency than that of the colon. 
However, the colon microbiota before calving is more 
associated with feed efficiency after calving than that 
of the rumen.
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INTRODUCTION

During the production cycle, dairy cows are exposed 
to different rations and consume different volumes of 
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feed. When cows are dry, typically during the last 60 
d of pregnancy, they are fed rations high in fiber and 
containing a relative low energy density, whereas when 
lactating the proportion of fiber in the ration can eas-
ily be halved from that fed during the dry period and 
the energy density is typically increased by 25% (NRC, 
2001). In addition, the amount of feed consumed by 
dry and lactating cows differs substantially, with the 
latter consuming around twice as much as dry cows. 
During the transition from a nonlactating to a lactating 
state the ration changes immediately after calving, but 
the change in feed consumption increases progressively 
during the few days following parturition.

It is well established that the type and amount of 
forage and concentrate that cows consume influence 
the rumen microbial composition (Nagaraja and Titge-
meyer, 2007; Fernando et al., 2010), rumen microbial 
activity (Bach et al., 1999), and overall rumen environ-
ment. On the other hand, supplementing dairy rations 
with live yeast has been reported to induce changes in 
rumen pH, microbial population, and fiber fermenta-
tion (Chaucheyras-Durand et al., 2008; Terré et al., 
2015; Jiang et al., 2017b), and supplementing live yeast 
during the transition period could represent an effective 
strategy to prevent rumen dysfunctions after calving 
(Jouany, 2006). Therefore, it is likely that live yeast 
supplementation may exert some effects on the rumen 
by altering the microbiota, the ruminal environment, 
or both. Several studies have shown that live yeast 
supplemented through the diet can survive throughout 
the digestive tract of both sheep (Durand-Chaucheyras 
et al., 1998) and cattle (Fomenky et al., 2017) and can 
be recovered viable in the feces (in the range between 
17 to 34%), thus we hypothesize that live yeast might 
also exert a direct effect on the large intestine of cows. 
However, to the best of our knowledge little is known 
about what microbial populations in the rumen change 
with live yeast supplementation around transition in 
dairy cattle and even less is known about the potential 
effects of live yeast supplementation on the microbiota 
of the large intestine. Some studies describe the main 
changes in the rumen microbiota between 3 wk before 
and 3 wk after calving at the phylum (Pitta et al., 
2014) and genus level (Zhu et al., 2018), and some oth-
ers have attempted to establish relationships between 
rumen microbiota and production traits (Lima et al., 
2015; Jiang et al., 2017a), but none has looked at the 
hindgut.

Herein we used endoscopy to collect digesta samples 
from the rumen and colon of cows with the objective 
of examining changes in the microbiota in these loca-
tions as they transition from a dry to a lactation ration. 
We also evaluate the potential influence of live yeast 
supplementation on the microbial community, and the 

potential associations between the rumen and the colon 
microbiota and productive traits early in lactation.

MATERIALS AND METHODS

All procedures used herein were conducted under the 
approval and supervision of the Ethical Committee of 
the Institut de Recerca i Tecnologia Agroalimentàries. 
Twenty-one dry Holstein cows (706 ± 85 kg of BW) that 
finished their first lactation were split in 2 treatment 
groups and received either 300 g/d of corn containing 
3.3 g/kg (equivalent to 1 × 1010 cfu/d) of live yeast 
(Saccharomyces cerevisiae CNCM I-1077; Lallemand 
SAS, Blagnac, France; LY; n = 10) or 300 g/d of corn 
with no supplementation (control; n = 11) starting 21 
d before calving (259 d pregnant) until 21 d of lacta-
tion. The dose of 1 × 1010 cfu/d was chosen because 
this is the amount commonly fed under commercial 
conditions, the dose registered in the European Union, 
and the dose shown to have positive effects on animal 
performance in a previous meta-analysis (De Ondarza 
et al., 2010). At each production stage (dry or lactat-
ing), the 2 groups of cows (control or LY) consumed 
the same diet with the only difference being the pres-
ence or absence of LY. Diets were sampled fortnightly 
and analyzed for DM (ID 934.01), ash (ID 942.05), 
N (ID 984.13), and ether extract (ID 920.39) content 
following the methods from the Association of Official 
Analytical Chemists (AOAC, 1999). Neutral detergent 
fiber determination was performed according to Van 
Soest et al. (1991). The ingredient and nutrient compo-
sition of the dry and the lactation rations is depicted 
in Table 1. Dry cows were housed in group pens with 
ad libitum access to water and feed and were bedded 
with straw. Lactating cows were housed in freestalls 
and the 2 treatment groups were kept in the same pen. 
Individual feed intake of lactating cows was monitored 
on a daily basis using electronic scales with controlled 
individual access for each cow to specific feed bins us-
ing a radio-frequency identification system described 
elsewhere (Bach et al., 2004). Treatment was applied at 
the cow level. Dry cows received the feed as top-dressing 
while head-locked for 30 min during the morning feed-
ing to ensure that the treatment delivered was entirely 
consumed, and lactating cows received the treatments 
mixed in the TMR after obtaining permission to access 
specific feed bins containing the designated treatment.

At 14 ± 2.6 d (average ± SD) before calving date, 
and exactly at 7 and 21 d after calving, and about 
2 h from the morning delivery of feed, all cows were 
submitted to a rumen and a colon biopsy using an en-
doscope (CV-170 Optera, Olympus, Barcelona, Spain) 
equipped with a 1.68-m probe (CF-Q165L, Olympus). 
Samples of rumen digesta were obtained by introduc-
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ing the endoscope probe protected with a transparent 
plastic sheath through the mouth [within a PVC tube 
of 2.5 cm internal diameter (2.8 cm external diameter) 
and 40 cm long that prevented the cow from chewing 
on the device] into the esophagus until reaching the 
dorsal part of the rumen liquid, then the plastic sheath 
was broken using biopsy forceps introduced through the 
biopsy canal of the endoscope, and a sample of digesta 
from the dorsal part of the rumen was collected through 
the endoscope. Samples of colon digesta were obtained 
about 135 cm from the anus using the same equipment 
(also covered with a transparent plastic sheath), but 
reaching the distal part of the colon via the rectum 
and using a caudal epidural anesthesia with 5 mL of 
lidocaine 2% (Xylovet, Ceva, Libourne, France). Both 
rumen and colon samples, were snap frozen in liquid 
nitrogen and then kept frozen at −20°C until subse-
quent DNA extraction. All the equipment was sterilized 
between samplings.

Microbiota DNA Analysis and Bioinformatics

The DNA from rumen and colon digesta was ex-
tracted and purified a commercial stool DNA isolation 
kit (Metabion, Steinkirchen, Germany) following the 
procedure suggested by the manufacture, and its pu-

rity quantified by Nanodrop (Thermo Fisher Scientific, 
Waltham, MA). Then, DNA samples were quantified 
with a Qubit spectrophotometer to adjust concentra-
tions at 20 ng/µL. A volume of 20 µL per sample was 
sent to a sequencing platform (W.M. Keck Center for 
Comparative and Functional Genomics at the Univer-
sity of Illinois at Urbana-Champaign). Diversity and 
composition of microbiota were determined using the 
high-throughput sequencing Illumina MiSeq (Illumina, 
San Diego, CA) method (2 × 250 nt paired ends). 
To construct the 16S amplicon libraries, the V3–V4 
hypervariable region of the bacterial 16S rDNA was 
characterized using V3_F357_N and V4_R805 primers 
(Klindworth et al., 2013). Samples were diluted to 2 
ng/µL concentrations. A mastermix for amplification 
was prepared using the Roche High Fidelity Fast Start 
Kit and 20× Access (Roche Applied Science, Penzberg, 
Germany). Then, 1 µL of DNA sample and 1 µL of 
Fluidigm Illumina linkers with unique barcodes were 
added. Array loading reagent according to Fluidigm 
protocols. All samples were run on a fragment analyzer 
(Advanced Analytics, Ames, IA) and amplicon regions 
and expected sizes were confirmed. Samples were then 
pooled in equal amounts according to product concen-
tration. The pooled products were then size-selected on 
a 2% agarose E-gel (Life Technologies) and extracted 
from the isolated gel slice with Qiagen gel extraction kit 
(Qiagen Ltd., West Sussex, UK) using a Qiacube robot. 
Cleaned size-selected products were run on an Agilent 
Bioanalyzer (Agilent Technologies, Santa Clara, CA) to 
confirm appropriate profile and determination of aver-
age size.

Quality score ASCII offset was established to 33. A 
bioinformatics pipeline based on mothur (Schloss et 
al., 2009) was used for sequence processing and clas-
sification. The 16S rRNA SILVA database (release 312; 
Quast et al., 2013) was used as a reference. A first trim-
ming step was conducted using Trimmomatic (version 
0.36; Bolger et al., 2014), discarding sequences below 
220 bp in length and with an average quality score 
below 30 on a window of 20 bases. After trimming, a 
total of 2,060,469 reads were processed, aligned, and 
then reads larger than 500 bases, duplicated, and those 
with one or more ambiguous positions were discarded. 
The paired R1 and R2 reads were joint. Sequence align-
ment was made using the mothur-recreated SILVA seed 
database, followed by a preclustering process grouping 
reads with less than 2-nucleotide difference together. 
Chimera filtering was performed using UCHIME (ver-
sion 4.2.40; Edgar et al., 2011) versus the SILVA-based 
alignment of template file for chimera removal (https: / 
/ mothur .org/ wiki/ Silva _reference _files #Release _132). 
The distance between the remaining DNA sequences 
was calculated using the dist.seqs() option in mothur, 

Table 1. Ingredient and nutrient composition of the rations for the 
dry and lactation periods

Item
Dry  

period
Lactation  

period

Ingredient, % of DM
 Alfalfa hay 5.83 4.96
 Rye grass hay — 9.29
 Fescue hay 29.07 11.87
 Barley straw 36.74 3.42
 Grass silage — 9.54
 Soybean meal 14.22 8.04
 Canola meal — 2.17
 Corn grain 4.15 26.99
 Barley grain — 8.91
 Wheat grain 5.03 —
 Wheat middlings — 4.16
 Soybean hulls — 5.79
 Beet pulp 4.31 3.58
 Calcium carbonate 0.24 0.62
 Magnesium oxide 0.24 0.17
 Sodium chloride — 0.33
 Mineral-vitamin premix1 0.16 0.17
Nutrient, DM basis   
 CP, % 13.2 15.2
 NEL, Mcal/kg 1.31 1.62
 NDF, % 51.2 34.8
 Fat, % 1.67 2.58
 Ash, % 3.93 6.02
 NFC, % 30.0 41.4
1Every kilogram of premix contained 75 g of sodium sulfate, 30 g of 
zinc oxide, 5 g of copper sulfate, 15 g of manganese oxide, 1 g of potas-
sium iodine, 0.5 g of cobalt acetate, 0.25 g of sodium selenite, 3,750 
kIU of vitamin A, 750 kIU of vitamin D, and 10 kIU of vitamin E.

https://mothur.org/wiki/Silva_reference_files#Release_132
https://mothur.org/wiki/Silva_reference_files#Release_132
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followed by the cluster() command to assign sequences 
into operational taxonomic units (OTU) using the 
opticlust algorithm (Westcott and Schloss, 2017). The 
Wang approach (Wang et al., 2007) was chosen as the 
taxonomy classification method using a kmer size of 8 
nt and the NR SILVA database as reference. Chloro-
plast and mitochondrial lineages were removed. A total 
of 1,494,097 reads were kept for taxonomy classifica-
tion. Mothur output was processed in R (version 3.5.1; 
R Core Team, 2018). Data were structured in a phylo-
seq object using the phyloseq package (version 1.24.2; 
McMurdie and Holmes, 2013), adding factor metadata 
and then transformed to relative abundances, filtered 
using detection and prevalence limits of 10 and 5%, 
respectively, and normalized.

Calculations and Statistical Analysis

Beta diversity across all samples was calculated using 
the Bray-Curtis dissimilarity, and a gradient analysis 
for each site (rumen or colon) was performed using non-
metric multidimensional scaling. Genus-level Shannon 
diversity index was calculated as −ΣPi ln(Pi) where Pi 
is the proportion of individuals belonging to the genus 
i. The phyloseq (version 1.24.2; McMurdie and Holmes, 
2013) function estimate_richness() was used for this 
purpose. Feed efficiency was calculated as milk yield 
divided by DMI.

The potential effect of time relative to calving, 
dietary treatment, and their interaction on relative 
abundance of microorganisms in both the rumen and 
colon was assessed using a multivariate ANOVA with 
the Limma package (version 3.36.5; Ritchie et al., 2015) 
for R (version 3.5.1; R Core Team, 2018) correcting for 
false discovery rate following Benjamini and Hochberg 
(1995). The false discovery rate-adjusted P-values are 
shown throughout the manuscript.

Also, average DMI, milk yield, and feed efficiency on 
d 4, 5, 6, 7, 8, 9, and 10 and average DMI, milk yield, 
and feed efficiency on d 18, 19, 20, 21, 22, 23, and 
24 d after calving were calculated, and the correlation 
between these traits and the relative abundances of 
genera in the rumen and colon at d 7 and 21 after calv-
ing, respectively, were determined. Similarly, DMI after 
calving was averaged over the first 21 DIM, and the 
correlations between DMI after calving and the relative 
abundance of genera in the rumen and colon at 14 d 
before calving were determined.

RESULTS AND DISCUSSION

Milking performance, DMI, and feed efficiency of 
the cows in this study are reported elsewhere (Bach et 
al., 2018). In brief, DMI during the first 21 DIM was 

greater (P < 0.05) in LY (18.2 ± 0.77 kg/d) than in 
control cows (15.7 ± 0.77 kg/d). Milk yield was also 
greater (P < 0.05) in LY (38.7 ± 2.85 kg/d) than in 
control cows (32.7 ± 2.85 kg/d).

In the current study, we focused on taxonomic clas-
sification at the genus, not OTU, level to assess changes 
in the microbiome. Focusing on the genus facilitates 
comparisons with other studies and making inferences 
about functionality of the microbiota. Several studies 
have shown that using 16S rRNA and current existing 
databases, such as SILVA, rumen communities can be 
reasonably well represented at the genus level (Fouts et 
al., 2012; Větrovský and Baldrian, 2013).

Microbial Diversity

The number of OTU, evenness, and richness from 
rumen and colon samples obtained at each sampling 
point are shown in Table 2. A gradient analysis of the 
β-diversities in the rumen and in the colon is plotted in 
Figure 1. Rumen samples (Figure 1A) could be more 
closely grouped across physiological stages than those 
from the colon (Figure 1B), indicating that microbial 
diversity across individuals was less affected by diet in 
the colon than in the rumen. Shannon measurements of 
α diversity were affected (P < 0.05) by time of sampling 
relative to calving in both locations, rumen and hindgut. 
Genus-level Shannon diversity index in the rumen was 
lowest at 7 d after calving (Figure 2), and the greatest 
(P < 0.05) Shannon index in the colon (Figure 3) was 
observed precalving (−14 d); however, no differences 
were found between control and LY cows and there 
was no interaction between treatment and time relative 
to calving. Nevertheless, LY cows showed slightly and 
nonsignificant greater microbial diversity (measured as 
Shannon α diversity) than control cows in the colon at 
all sampling times (Figure 4). An increased diversity 
index indicates that there are few predominant genera 
among all possible observations. Thus, at 14 d before 
calving, microbial biodiversity in the rumen of dairy 
cows was greatest, and it decreased at 7 d after calving 
(most likely due to the drastic change in diet composi-
tion and DMI), but at 21 d after calving, cows showed 
the same genus-level Shannon diversity than they had 
before calving. Contrarily, in the colon, microbial di-
versity decreased after calving and remained lower at 
7 and 21 d after parturition compared with the values 
before calving (Figure 3). One possible explanation 
for the reduced biodiversity in the colon after calving 
could be the lower content of dietary fiber and greater 
digestibility of the lactation ration, which would lead 
to a lower availability of substrate to sustain growth of 
some bacteria in the hindgut, because a larger propor-
tion of nutrients would have been absorbed in previous 
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segments of the gastrointestinal tract. Interestingly, 
the Shannon diversity was slightly greater in the colon 
than in the rumen, an observation that has also been 
reported in sheep (Perea et al., 2017).

Rumen Microbiota

There was an interaction (P < 0.05) between treat-
ment and time relative to calving for relative abun-
dances of Flexilinea, Bacteroidales (group UCG-001), 
Lachnospiraceae (groups UCG-002 and UCG-006), 
and Streptococcus (Figure 5). Most of the effects of LY 
supplementation on rumen microbiota were observed 
before calving (i.e., just 1 wk after LY supplementa-
tion), when the relative abundances of Bacteroidales 
(group UCG-001), Lachnospiracea (groups UCG-002 
and UCG-006), and Flexilinea increased with LY sup-
plementation (Figure 5). However, the relative abun-
dance of Streptococcus was greater in LY than in con-
trol cows on d 21 after calving (Figure 5). Flexilinea is a 
filamentous strictly anaerobic gram-negative bacterium 
that has been reported to require yeast substrates to 
grow (Sun et al., 2016). Flexilinea ferments all kinds of 
carbohydrates and its growth is enhanced in the pres-
ence of methanogens (Sun et al., 2016). Bacteroidales 
has been reported to be more abundant in high-forage 
than in low-forage diets and it has been associated with 
fiber digestion (Henderson et al., 2015) and biohydro-
genation of fatty acids in the rumen (Castro-Carrera 
et al., 2014). Members of the Lachnospiraceae family 
are gram-positive anaerobic rod-shaped bacteria that 
mainly ferment pectin (Cotta and Forster, 2016) and 
are present in the rumen of lactating cows in relative 
low proportions (Jiang et al., 2017b). Contrary to the 
results herein, Jiang et al. (2017b) reported that lactat-
ing dairy cows at the end of their lactation supple-
mented with live Saccharomyces cerevisiae experienced 
a decrease in relative abundances of Lachnospiraceae, 
whereas in the current study Saccharomyces cerevisiae 
supplementation resulted in an increase in relative 
abundances of Lachnospiraceae before calving and had 

Table 2. Number of operational taxonomic units (OTU), evenness, and richness from rumen and colon samples obtained at d −14, 7, and 21 
relative to calving

Tissue  Time, d  

OTU

 

Evenness (Evar)1

 

Richness (Chao1)2

Mean SEM Mean SEM Mean SEM

Rumen −14 5,283 1,078.9 0.839 0.0204 41,279 9,380.6
 7 5,796 1,355.0 0.809 0.0360 44,549 12,488.8
 21 5,673 1,179.9 0.811 0.0180 43,562 9,239.4
Intestine −14 6,440 2,235.5 0.866 0.0199 68,791 22,668.4
 7 5,908 1,921.9 0.836 0.0317 57,670 21,661.9
 21 6,184 1,784.3 0.836 0.0166 58,256 19,491.9
1Evar = Smith and Wilson’s Evar index following Smith and Wilson (1996).
2Chao1 = richness index following Chao (1984).

Figure 1. Nonmetric multidimensional scaling (NMDS) of 
β-diversity index (using Bray-Curtis distances) of all rumen (A) and 
colon (B) samples.
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no influence after calving. Differences in responses to 
Saccharomyces cerevisiae could be due to the type of 
ration fed to cows, the productive stage (early vs late 
lactation), or the strain that was supplemented, which 
was different in Jiang et al. (2017a) than in the current 
study. Last, Streptococcus, which increased in LY cows 
at 21 d after calving, is a genus that includes several 
gram-positive and homofermentative species, among 
them Streptococcus bovis, commonly associated with 
production of lactic acid from starch fermentation in 
the rumen (Dehority, 2003). Thus, LY supplementa-
tion was able to maintain the number of Streptococcus 
relatively low at 7 d after calving but not at 21 d. 
However, this difference could be due to the amount of 
starch and other carbohydrate sources that entered the 
rumen, which were considerably greater in LY than in 
control cows, as the latter consumed 2.5 kg/d less (P 
< 0.05) DM after calving than LY cows (Bach et al., 
2018).

Overall, changes in the ruminal microbial commu-
nity were more drastic across days relative to calving 
than as influenced by the dietary treatment (control 
or LY). Changes in the microbial community of the 
rumen across sampling times and dietary treatments 
are depicted in Figure 6. Table 3 lists the genera whose 
relative abundance in the rumen decreased after calv-
ing, whereas Table 4 depicts those genera with an in-
creased relative abundance in the rumen after calving, 
independent of dietary treatment.

The genera Christensenellaceae (group c) and 
Christensenellaceae (group R-7) were highly abundant 
(>30%) in the rumen before calving but markedly 
decreased after calving (Table 3). Lima et al. (2015) 
already described large changes in the relative abun-
dances of this family in the rumen around calving. The 
family Christensenellaceae has been associated with 
fermentation of structural carbohydrates producing 
mainly acetic and butyric acid as main end products 
(Morotomi et al., 2012), and in mice it has been as-
sociated with reduced adiposity (Goodrich et al., 
2014). Similarly, Rikenellaceae (group RC9) was also 
highly abundant (~10%) before calving and decreased 
thereafter. Zened et al. (2013) reported similar rela-
tive abundances of Rikenellaceae (group RC9) in the 
rumen of cows consuming low-starch diets (similar to 
the one fed during the dry period herein) and they also 
reported that the relative abundance of Rikenellaceae 
(group RC9) in the rumen decreased as the starch con-
tent of the ration increased. Thus, the results herein are 
consistent with dietary changes that cows experienced 
when transitioning from a dry to a lactating ration.

Fourteen days before calving, the relative abundance 
of several genera of Ruminococcaceae (Ruminococca-
ceae groups UCG-010, UCG-013, NK4A214, UCG-005, 
UCG-002, and unclassified) in the rumen added up to 
7.6%, and it decreased (P < 0.05) to 4.2% after calving 
(Table 3), which are values similar to those reported 
by Jiang et al. (2017b) in late lactation cows. Some 

Figure 2. Shannon diversity index in the rumen as affected by time relative to calving in dairy cows. Values across time with uncommon 
letters (a,b) differ at P < 0.05. Values within parentheses for each sampling point represent the average number of operational taxonomic units, 
the average Chao1 richness index (Chao, 1984), and average Smith and Wilson’s Evar index (Smith and Wilson, 1996) of evenness (distribution 
of individuals over genera), respectively. Error bars depict SE.
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members of the Ruminococcaceae family, such as the 
well described Ruminococcus albus and R. flavefaciens, 
are known to participate in fiber digestion (Forsberg 

and White, 1997), and thus it would be reasonable to 
expect greater number of these bacteria during the dry 
period than during the lactation period, as observed 

Figure 3. Shannon diversity index in the colon as affected by time relative to calving in dairy cows. Values across time with uncommon 
letters (a,b) differ at P < 0.05. Values within parentheses for each sampling point represent the average number of operational taxonomic units, 
the average Chao1 richness index (Chao, 1984), and average Smith and Wilson’s Evar index (Smith and Wilson, 1996) of evenness (distribution 
of individuals over genera), respectively. Error bars depict SE.

Figure 4. Shannon diversity index in the colon as affected by dietary yeast supplementation and time relative to calving in dairy cows. 
Values within parentheses for each sampling point represent the average number of operational taxonomic units, the average Chao1 richness 
index (Chao, 1984), and average Smith and Wilson’s Evar index (Smith and Wilson, 1996) of evenness (distribution of individuals over genera), 
respectively. Error bars depict SE.
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herein. However, the relative abundance of some other 
Ruminococcaceae genera increased after calving follow-
ing different patterns (Table 4). Ruminococcus groups 
2 and c experienced a 2-fold increase in relative abun-
dance 7 d after calving and then returned to similar val-
ues as precalving (Table 4), whereas Ruminococcaceae 
group UCG-014 progressively increased from 0.5% 14 d 
before calving to 1.7% 21 d after calving (Table 4). It 
is interesting to note the 2 different patterns among the 
4 most abundant genera within the Ruminococcaceae 

family, 2 taxa (groups NK4A214 and unclassified) were 
negatively affected by transition with a sharp decrease 
followed by a maintenance of low levels postcalving, 
whereas the other 2 (groups 2 and c) showed a tran-
sient increase by more than 2-fold 1 wk postcalving and 
returned to precalving values thereafter. This result 
supports, again, the high functional diversity reported 
within the Ruminococcaceae family (which also includes 
bacteria that ferment starch) and the difficulty to infer 
functions based on amplicon sequencing data.

Figure 5. Ruminal relative abundance (%) of the genera detected in the rumen as affected by days around calving and dietary treatment. 
Black bars depict control cows and gray bars represent cows on the live yeast treatment. Asterisks denote differences (P < 0.05) between dietary 
treatments within day relative to calving. Error bars denote SE.
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Clostridiales (unclassified) represented 6.3% of the 
relative abundance of total prokaryotes in the rumen 
14 d before calving, and then decreased to 4.9% af-
ter calving (Table 3). Lima et al. (2015) also reported 
Clostridiales as an abundant taxon before calving in 
dairy cattle. Last, a small number of archaeal sequences 
were identified as previously reported in recent stud-
ies using similar primers (Yeoman et al., 2018). The 
relative abundance of Methanobrevibacter in the rumen 
(Figure 6) decreased (P < 0.05) by half, from a rela-
tive abundance of 5.9% at 14 d before calving to 2.9% 
after calving (Table 3). Methanobrevibacter is the most 

abundant genus of methane producers in the rumen 
(Zhou et al., 2009). It is well established that a high-
forage ration, such as those fed during the dry period, 
typically results in greater methane production in the 
rumen than high-grain rations (Aguerre et al., 2011).

Conversely, the relative abundance of some Prevotella 
(groups c, 1, 7, YAB2003, UCG-004, and unclassified), 
Lachnospiraceae (groups c, NK3A20, and unclassified), 
Muribaculaceae (unclassified), Acetitomaculum (per-
taining to the Lachnospiraceae family), and Olsenella 
genera, among others, sharply increased after calving 
(Table 4). Different genera of Prevotellaceae (groups 

Figure 6. Relative abundance of the genera detected in the rumen of dairy cattle as influenced by live yeast (LY) supplementation and time 
relative to calving. OTU = operational taxonomic units.
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c, 1, 7, YAB2003, UCG-004, and unclassified) together 
represented 27.6% of prokaryotes in the rumen of dry 
cows, but after calving all these genera increased by 
several orders of magnitude. At 7 d after calving, some 
Prevotella genera (groups c, 1, and YAB2003) increased 
by 2- and 20-fold in relative abundance during the dry 
period and then decreased to levels that were still much 
greater than those found in the dry period (Table 4). 
On the other hand, the relative abundance of other 
Prevotella genera (groups UCG-004, 7, and unclassified) 
progressively increased linearly as lactation progressed 
(Table 4). The genus Prevotella is generally found with 
high abundance in the rumen and has many key roles 
such as polysaccharide and protein breakdown as well 
as sugar fermentation (Deusch et al., 2017). Classical 
studies have shown that Prevotella exhibits substantial 
metabolic diversity as it is present in the rumen across 
a variety of diets (Stevenson and Weimer, 2007), and 
it has also been shown to be able to grow effectively 
at pH as low as 5.1 (Russell and Dombrowski, 1980). 
In a former study, Prevotella exhibited the greatest 
change between clinical and subclinical acidotic heifers 

with more than a 26% increase 4 h after an acidotic 
challenge (Petri et al., 2013). It could be speculated 
that the increased relative abundance herein would be 
an indication that after calving, rumen pH might have 
decreased, as reported elsewhere (Humer et al., 2015), 
and this rumen environment could offer a competitive 
advantage to species of this genus. However, the relative 
abundance of Prevotella was not affected (P = 0.13) 
by the interaction between dietary treatment and time 
relative to calving (with the relative abundance of Pre-
votella being numerically lower in LY than in control 
cows), which would indicate that rumen pH between 
control and LY cows probably did not substantially dif-
fer after calving. However, several studies have reported 
improvements in rumen pH when supplementing lactat-
ing cows with LY (Bach et al., 2007; Thrune et al., 
2009; DeVries and Chevaux, 2014). The hypothetical 
lack of differences in rumen pH (as potentially indi-
cated that the relative abundance of Prevotella) could 
be found in the important differences in DMI, which 
was much greater in LY than in control cows. Because 
LY cows consumed more feed, a lower rumen pH, and 

Table 3. Genera whose relative abundance (%) in the rumen decreased after calving

Genus

Day relative to calving

SE P-value1−14 7 21

Christensenellaceae (c) 15.83a 4.334b 3.584b 0.78 <0.00001
Ruminococcaceae UCG-010 0.532a 0.083b 0.093b 0.028 <0.00001
Christensenellaceae R-7 15.14a 4.202b 3.500c 0.76 <0.00001
Bacteroidales UCG-001 0.290a 0.034b 0.026b 0.022 <0.00001
Rikenellaceae RC9 gut group 9.744a 3.159b 2.703b 0.50 <0.00001
Christensenellaceae (unclassified) 0.695a 0.135b 0.083c 0.049 <0.00001
Anaerovorax 0.220a 0.050b 0.089b 0.014 <0.00001
Rikenellaceae (unclassified) 0.195a 0.072b 0.064b 0.002 <0.00001
Lachnospiraceae XPB1014 0.474a 0.184b 0.065c 0.003 <0.00001
Lachnospiraceae UCG-008 0.215a 0.0786b 0.130b 0.013 <0.00001
Ruminococcaceae UCG-013 0.063a 0.014b 0.010b 0.006 <0.00001
Flexilinea 0.337a 0.127b 0.041c 0.041 <0.00001
Bacteroidales BS11 gut group 0.251a 0.061b 0.024c 0.27 <0.00001
Prevotellaceae Ga6A1 0.010a 0.098a 0.0013b 0.014 0.00002
Eggerthellaceae (unclassified) 0.161a 0.074b 0.094b 0.012 0.00004
Methanobrevibacter 5.863a 3.054b 2.859b 0.43 0.00004
Bacteroidia (unclassified) 1.202a 0.840b 0.741b 0.062 0.00016
Lachnospiraceae UCG-002 0.107a 0.045b 0.058b 0.001 0.00017
Clostridiales (unclassified) 6.257a 4.002b 4.864b 0.29 0.00017
Ruminococcaceae NK4A214 3.416a 1.863b 2.059b 0.23 0.00018
Ruminococcaceae UCG-005 0.433a 0.123b 0.212b 0.043 0.00019
Clostridia (unclassified) 0.075a 0.037b 0.040b 0.006 0.00052
Ruminococcaceae (unclassified) 3.106a 2.105ab 1.699b 0.23 0.0029
Clostridiales vadinBB60 0.049a 0.007b 0.006b 0.002 0.004
Saccharofermentans 1.395a 0.710c 1.077b 0.12 0.005
Ruminococcaceae UCG-002 0.048a 0.016b 0.020b 0.006 0.005
Blautia 0.079a 0.045b 0.034b 0.009 0.006
Lachnospiraceae AC2044 0.145a 0.045b 0.066b 0.018 0.006
Ruminiclostridium 9 0.086a 0.023b 0.018b 0.013 0.010
Gastranaerophilales (unclassified) 0.075a 0.016b 0.005b 0.015 0.014
Erysipelotrichaceae (unclassified) 0.063a 0.045ab 0.024b 0.008 0.017
a–cValues with uncommon superscripts within genus differ at P < 0.05.
1Effect of time relative to calving.
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greater relative abundances of Prevotella would have 
been expected unless LY had exerted an effect on ru-
men pH.

Within the family of Lachnospiraceae, some genera, 
particularly predominant ones (groups c, NK3A30, 
and unclassified) increased in relative abundance after 
calving (Table 4), whereas some minor genera (groups 
AC2044, UGC-002, UCG-008, and UCG-013) lost rela-
tive abundance (Table 3). Zhu et al. (2018) reported 
an increase in the relative abundance of the family 
Lachnospiraceae, but Pitta et al. (2014) reported a de-
creased relative abundance of this family as cows tran-
sitioned from a dry to a lactation ration. Differences 
at the family level between these 2 studies could most 
likely be explained by the different behavior observed 
herein of the genera within this taxon, with some 
genera increasing and others decreasing when transi-
tioning from a dry to a lactating ration. As stated 
above Lachnospiraceae has been implicated in pectin 
fermentation, but little is known about the role of this 
family in the rumen.

Colon Microbiota

Overall, the effect of LY in the colon was much more 
moderate than in the rumen (Figure 7). The relative 
abundance of Alloprevotella, Bacteroides, and Phasco-
larctobacterium in the colon were lower (P < 0.05) in 
LY (0.07 ± 0.02, 0.76 ± 0.25, and 0.022 ± 0.009%, 
respectively) than in control (0.18 ± 0.02, 3.75 ± 0.26, 
and 0.06 ± 0.009%, respectively) cows, independent of 
time of sampling. Contrarily, the relative abundance of 
Eggerthellaceae (unclassified) in the colon was greater 
(P < 0.01) in LY (0.20 ± 0.018%) than in control (0.13 
± 0.018%) cows, independent of time of sampling. 
Eggerthellaceae has been linked to the degradation of 
polycyclic (i.e., polyphenols) compounds (Clavel et al., 
2006; Selma et al., 2014), with corresponding health 
benefits, and metabolism of bile acids (Harris et al., 
2018), modulating the physicochemical properties of 
bile acids (Devlin and Fischbach, 2015) and thus allow-
ing downstream metabolism and utilization by other 
intestinal microbes.

Table 4. Genera whose relative abundance (%) in the rumen increased after calving

Genus

Day relative to calving

SE P-value1−14 7 21

Muribaculaceae (unclassified) 0.950c 2.935b 3.341a 0.17 <0.00001
Acetitomaculum 1.25b 1.985b 3.52a 0.28 0.00003
Prevotella c 13.27c 31.80a 22.90b 2.24 0.00003
Lachnospiraceae (unclassified) 7.38c 9.99b 14.30a 0.70 0.00004
Shuttleworthia 0.028c 0.171b 0.545a 0.067 0.00005
Prevotella 1 13.27c 30.99a 19.72b 2.28 0.00009
Sharpea 0.001c 0.011b 0.222a 0.033 0.00016
Lachnospiraceae c 9.892b 14.25a 18.60a 1.21 0.00047
Veillonellaceae (unclassified) 0.006b 0.023b 0.169a 0.023 0.0014
Prevotellaceae YAB2003 0.008c 0.166a 0.092b 0.025 0.0016
Atopobium 0.107c 0.155b 0.213a 0.017 0.0019
Prevotellaceae UCG-004 0.038c 0.054b 0.123a 0.015 0.0023
Lachnospiraceae NK3A20 1.285c 3.807a 3.921a 0.48 0.0031
Catenisphaera <0.0001c 0.004b 0.043a 0.008 0.0032
Ruminococcus 2 1.755b 4.504a 1.439b 0.55 0.0032
Ruminococcaceae UCG-014 0.457c 1.154b 1.715a 0.21 0.004
Coprococcus 1 0.072b 0.079b 0.150a 0.015 0.004
Erysipelotrichaceae UCG-006 0.001c 0.011b 0.081a 0.015 0.004
Ruminococcus c 2.059b 4.758a 1.927b 0.55 0.004
Dialister <0.0001c 0.005b 0.777a 0.16 0.006
Prevotellaceae (unclassified) 1.050c 1.639b 2.275a 0.21 0.007
Prevotella 7 0.001c 0.810b 3.178a 0.58 0.008
Roseburia 0.034b 0.02b 0.068a 0.009 0.009
Atopobiaceae (unclassified) 0.256c 0.339b 0.668a 0.09 0.011
Syntrophococcus 0.148c 0.279b 0.712a 0.11 0.011
Coriobacteriales (unclassified) 0.096b 0.068b 0.162a 0.019 0.015
Erysipelotrichaceae UCG-007 <0.0001c 0.003b 0.119a 0.026 0.017
Selenomonas 1 0.021b 0.112a 0.035b 0.018 0.018
Olsenella 0.734c 1.045b 2.180a 0.31 0.019
Howardella 0.063b 0.076b 0.123a 0.013 0.045
a–cValues with uncommon superscripts within genus differ at P < 0.05.
1Effect of time relative to calving.
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The relative abundance of Ruminiclostridium group 5 
in the colon was affected by an interaction (P < 0.05) 
between dietary treatment and time, mainly due to a 
greater (P < 0.05) relative abundance of Ruminiclos-
tridium group 5 in control (0.07 ± 0.01%) than in LY 
(0.04 ± 0.01%) cows before calving with no differences 
in relative abundance (0.03 ± 0.01%) after calving be-
tween the 2 dietary treatments. The relative abundance 
of the other detected genera in the colon was unaffected 
by dietary treatment or its interaction with time.

Marked changes were observed in relative abundances 
of several genera in the colon across time. Table 5 shows 
the genera whose relative abundance decreased after 

calving in relation to precalving. Christensenellaceae 
(group c), Christensenellaceae (group R-7), Clostridi-
ales (unclassified), and Rikenellaceae (group RC9) gut 
groups were among the most abundant (>30%) genera 
in the colon before calving and experienced a marked 
decrease after calving. Members of the Christensenella-
ceae family are typically butyrate producers (Morotomi 
et al., 2012) and have been commonly associated with 
intestinal health and decreased inflammation (Go-
odrich et al., 2014; Jenkins et al., 2015; Tigchelaar et 
al., 2016). Similarly, the abundance of Clostridiales 
has been linked with a reduced inflammation due to 
increased expression of IL-10 in the colon (Atarashi et 

Figure 7. Relative abundance of the genera detected in the colon of dairy cattle influenced by live yeast (LY) supplementation and time 
relative to calving. OTU = operational taxonomic units.
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Table 5. Genera whose relative abundance (%) in the colon decreased after calving

Genus

Day relative to calving

SE P-value1−14 7 21

Ruminococcaceae NK4A214 1.90a 1.03b 1.13b 0.211 <0.0001
Ruminococcaceae UCG-010 2.02a 0.022b 0.024b 0.201 <0.0001
Gastranaerophilales (unclassified) 0.128a 0.013b 0.021b 0.013 0.00001
Mogibacterium 0.599a 0.366b 0.424ab 0.043 0.00002
Anaerovorax 0.127a 0.028b 0.047b 0.011 0.00002
Ruminococcaceae (unclassified) 5.56a 3.58b 3.73b 0.382 0.00004
Prevotellaceae UCG-004 0.591a 0.208b 0.365b 0.075 0.0001
Christensenellaceae unclassified 0.392a 0.092b 0.063b 0.037 0.0002
Clostridiales (unclassified) 8.26a 5.61c 6.48b 0.368 0.0002
Clostridiales vadinBB60 0.129a 0.081b 0.165a 0.021 0.001
Saccharofermentans 0.747a 0.375b 0.554ab 0.101 0.002
Ruminococcaceae UCG-009 0.147a 0.078b 0.074b 0.020 0.002
Christensenellaceae c 9.77a 3.47b 2.93c 0.693 0.003
Rikenellaceae RC9 gut group 7.93a 5.81b 4.60b 0.466 0.003
Erysipelotrichaceae (unclassified) 0.051a 0.030b 0.016c 0.005 0.003
Christensenellaceae R-7 9.38a 3.37b 2.86c 0.663 0.003
Clostridia (unclassified) 0.090a 0.045b 0.056b 0.005 0.003
Akkermansia 0.830a 0.293b 0.238b 0.131 0.004
Flexilinea 0.176a 0.065b 0.021b 0.025 0.005
Ruminococcaceae (unclassified) 1.41a 0.748b 1.79a 0.189 0.005
Alloprevotella 0.074a 0.068b 0.079a 0.0157 0.006
Bacteroidales UCG-001 0.154a 0.018b 0.016b 0.016 0.0010
Ruminiclostridium 5 0.054a 0.026b 0.032b 0.007 0.018
Rikenellaceae (unclassified) 0.623a 0.504b 0.369c 0.071 0.018
Phascolarctobacterium 0.026a 0.018b 0.020b 0.006 0.019
Ruminiclostridium 9 0.058a 0.014b 0.014b 0.007 0.023
Mollicutes RF39 0.142a 0.095c 0.102b 0.014 0.026
Eggerthellaceae (unclassified) 0.188a 0.107b 0.112ab 0.012 0.045
Bacteroides 1.95a 1.53b 2.08a 0.371 0.046
a–cValues with uncommon superscripts within genus differ at P < 0.05.
1Effect of time relative to calving.

Table 6. Genera whose relative abundance (%) in the colon increased after calving

Genus

Day relative to calving

SE P-value1−14 7 21

Lachnospiraceae UCG-002 0.050c 0.817b 1.10a 0.004 <0.0001
Lachnospiraceae (unclassified) 6.83c 9.17b 13.22a 0.405 <0.0001
Coprococcus 3 0.060b 0.075b 0.260a 0.034 <0.0001
Bacteroidales RF16 0.338c 1.05a 0.518b 0.146 0.0004
Erysipelotrichaceae UCG-004 0.065b 0.112a 0.084b 0.028 0.001
Erysipelotrichaceae UCG-004 0.065b 0.112a 0.084b 0.028 0.001
Methanosphaera 0.096c 0.133b 0.278a 0.028 0.003
Syntrophococcus 0.095c 0.155b 0.408a 0.062 0.003
Erysipelotrichaceae c 0.378b 0.826a 0.994a 0.227 0.005
Ruminococcaceae UCG-013 0.538b 0.290c 0.767a 0.116 0.006
Erysipelotrichaceae (unclassified) 0.197c 0.339b 0.568a 0.066 0.009
Sharpea 0.001b 0.006b 0.124a 0.018 0.010
Muribaculaceae (unclassified) 0.528b 1.72a 1.79a 0.207 0.012
Erysipelotrichaceae UCG-007 0.0002c 0.001b 0.069a 0.013 0.015
Lachnospiraceae NK3A20 0.982b 2.58a 2.41a 0.304 0.024
Lactonifactor 0.036b 0.059a 0.040b 0.004 0.025
Coprococcus 1 0.058b 0.054b 0.112a 0.009 0.042
Atopobiaceae (unclassified) 0.207b 0.229b 0.481a 0.049 0.045
Methanobacteriaceae (unclassified) 0.049b 0.051b 0.093a 0.011 0.0462
Solobacterium 0.028b 0.065a 0.058a 0.008 0.047
Ruminococcus c 1.58b 3.61a 1.29b 0.347 0.047
a–cValues with uncommon superscripts within genus differ at P < 0.05.
1Effect of time relative to calving.
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al., 2011). However, the expression of IL-10 and other 
interleukins in the colon of the cows used herein (data 
reported in Bach et al., 2018) was not affected by time 
relative to calving; thus, the decrease in relative abun-
dance of Christensenellaceae herein did not seem to 
be sufficiently large to induce any change in the tran-
scriptomic response of selected genes associated with 
inflammation status of the colon throughout transition. 
Last, genera within the family Rikenellaceae produce 
acetate, succinate, and propionate as main fermenta-

tion products within the large intestine of cattle (Kong 
et al., 2010; Jeong et al., 2011; Abe et al., 2012), and 
their abundance has been associated with high-forage 
diets (Petri et al., 2013) as it was the case in this study 
for the dry-cow ration.

On the contrary, the relative abundance of Lach-
nospiraceae (unclassified) and Lachnospiraceae (group 
NK3A20) in the colon increased by about 2-fold af-
ter calving compared with precalving values (Table 
6). Lachnospiraceae is a major butyrate-producing 

Figure 8. Correlation of ruminal genera that were significantly (P < 0.05) associated with DMI after calving.
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Firmicutes, but little is known about their activity in 
the colon of ruminants. All the other genera showing 
an increase in relative abundances after calving in the 
colon were minor genera (relative abundances <0.6%). 
The relative abundance of Coprococcus (both groups 
1 and 3) markedly increased after calving (Table 6), 
which could be expected, as Coprococcus is a butyrate 
producer that has been associated with the feeding of 
high-grain diets (Kim et al., 2014).

Several genera followed a similar pattern of relative 
abundances in the rumen and in the colon. Indeed, 
about half (17 taxa) of the genera decreased in rela-
tive abundance in both the rumen and the colon af-
ter calving. These included Ruminococcaceae (groups 
NK4A214, UCG-010, and unclassified), Clostridiales 
(unclassified), Erysipelotrichaceae (unclassified), Clos-
tridia (unclassified), Flexilinea, Rikenellaceae (unclas-
sified), and Saccharofermentans. However, only about 

Figure 9. Correlation of ruminal genera that were significantly (P < 0.05) associated with feed efficiency.
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one-fourth of the detected genera, including Murib-
aculaceae (unclassified), Lachnospiraceae (unclassified), 
Lachnospiraceae (group NK3A20), Coprococcus (group 
1), Atopobiaceae (unclassified), Syntrophococcus, Ery-
sipelotrichaceae (group UCG-007), Lachnospiraceae 
(unclassified), and Sharpea, which increased in relative 
abundance in the rumen after calving, also increased in 
the colon. This observation might be due, in part, to 
the type of substrate consumed by the animal, which 
is partially fermented in the rumen and a fraction of 
it reaches the large intestine where it may foster the 
growth of similar genera as in the rumen.

Rumen Microbiota and Productive Traits

As reported by Bach et al. (2018), DMI of the cows 
in this study during the first 21 DIM was greater (P < 
0.05) in LY than in control cows. Figure 8 depicts the 
significant (P < 0.05) correlation matrix between rela-
tive abundances of selected genera in the rumen and 
feed intake after calving. Clostridiales (unclassified), 
Marvinbryantia, Ruminococcaceae (group NK4A214), 
Saccharofermentans, Defluviitaleaceae (group UCG-01), 
Anaerovorax, Lachnospiraceae (group UCG-008), Acet-
itomaculum, and Ruminococcaceae (group UCG-005) 
were all positively associated (P < 0.05) with postcalv-
ing DMI. On the other hand, relative abundances of 
Butyricimonas, Flexilinea, Hungatella, Intestinimonas, 
Succinivibrio, Pasteurellaceae (unclassified), Akkerman-
sia, Erysipelotrichaceae (group UCG-004), Psychro-
bacter, Prevotella, Oribacterium, Prevotellaceae (group 
YAB2003), Romboutsia, and Prevotella (group 1) were 
negatively correlated with DMI after calving.

Despite the associations between several genera and 
DMI, the only genera whose relative abundance in the 
rumen was associated with milk yield was assigned to 
the order Gastranaerophilales, which showed a nega-
tive correlation (r = −0.45; P < 0.05). Interestingly, 
Gastranaerophilales has also been associated with poor 
growth performance in lambs (Perea et al., 2017).

Figure 9 depicts the significant (P < 0.05) correla-
tion matrix between relative abundance of genera in 
the rumen and feed efficiency. All genera in Figure 
9 were positively correlated with feed efficiency with 
the exception of Clostridiales (unclassified), which 
was positively associated with DMI, and thus, the 
decreased feed efficiency could be just a reflection of 
increased intake. Similarly, among the genera positively 
correlated with feed efficiency, Butyricimonas, Hunga-
tella, Intestinimonas, Succinivibrio, and Akkermansia 
had the strongest correlation (Figure 9) and were all 
negatively correlated with DMI (Figure 8). These find-
ings would indicate, that at this stage of lactation (first 
21 DIM), changes in feed efficiency associated with 

specific bacterial communities in the rumen, are mainly 
linked with changes in DMI. At this stage of lactation, 
promoting feed intake is actually more important than 
maximizing feed efficiency to prevent metabolic upsets. 
However, whether the increase in DMI observed herein 
in LY cows was due to changes in rumen microbiota or 
the changes in rumen microbiota were consequence of 
increased DMI is unknown. At later stages of lactation, 
Jewell et al. (2015) reported positive correlations be-
tween feed efficiency and Lachnospiraceae and negative 
correlations with Christensenellaceae, Fibrobacteraceae, 
Paraprevotellaceae, and Ruminococcaceae. Similarly, 
Delgado et al. (2019) reported positive correlations 
between feed efficiency and Coprococcus, Lachnospira, 
and Prevotella relative abundance in the rumen, and 
negative correlations between feed efficiency and Rumi-
nococcus and Methanobrevibacter relative abundances 
in the rumen of cows between 60 and 120 DIM. But, in 
the current study, with cows in early lactation, Lach-
nospiraceae and Ruminococcaceae were positively cor-
related with DMI (but not with feed efficiency).

Colon Microbiota and Productive Traits

The relative abundances of the genera Coprococcus 
1 and Acetitomaculum were positively correlated with 
DMI, whereas the relative abundances of Rikenellaceae 
(group RC9) and Ruminiclostridium (group 9) in the 
colon were negatively associated with DMI after calv-
ing (Figure 10). It is interesting to note that none of 
these genera were associated with feed efficiency, and 

Figure 10. Correlation of genera in the colon that were signifi-
cantly (P < 0.05) associated with DMI after calving.
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thus their association with DMI was likely unassoci-
ated with milk yield. In fact, no significant associations 
were observed between the different genera detected in 
the colon and milk yield. Prevotellaceae (group Ga6A1) 
was the only taxon whose relative abundance in the 
colon was positively associated (r = 0.56; P < 0.05) 
with feed efficiency.

Rumen and Colon Microbiota Precalving  
and Productive Traits Postcalving

Prevotella 7 (r = −0.74; P < 0.01) and Rumino-
bacter (r = −0.77; P < 0.01) were the only 2 genera 
whose relative abundances in the rumen 14 d precalv-
ing were negatively correlated with DMI postcalving. 
Interestingly, the relative abundances of the same 2 
genera (Prevotella 7 and Ruminobacter) in the rumen 
were also negatively correlated (r = −0.69 and −0.68, 
respectively; P < 0.01) with milk yield after calving. 
However, these 2 genera were present in small relative 
abundances (<0.01% in both cases) in the rumen be-
fore calving, and thus the hypothesis that they could 
play a causal role determining DMI postcalving should 
be further evaluated.

In the colon, the relative abundance of Parabacteroi-
des 14 d before calving was negatively correlated (r = 
−0.71; P < 0.01) with milk yield after calving, and the 
relative abundances of Eggerthellaceae (unclassified) 
and Erysipelotrichaceae (group c) and unclassified were 
positively correlated (0.70, 0.71, and 0.70, respectively; 
P < 0.01) with feed efficiency (Figure 11), with no 
genus showing a correlation with DMI postcalving. 
However, the relative abundance of Parabacteroides in 
the colon 14 d before calving was about 0.05%, and 
that of Eggerthellaceae and Erysipelotrichaceae was 
approximately 0.5%. Nevertheless, it is important to 
note that LY supplementation doubled (P < 0.05) the 
relative abundance of Eggerthellaceae in the colon at 
−14, 7, and 21 d relative to calving.

CONCLUSIONS

During the transition from the dry period to the 
lactation period, the rumen experiences a transient, 
but important, loss of microbial diversity after calving, 
and the recolonization process that takes place does 
not appear to involve the same bacterial members. On 
the other hand, the microbial diversity in the colon 
decreases after calving and remains low at least un-
til 21 d postcalving. Most of the effects of live yeast 
supplementation on rumen microbiota are observed 
before calving, whereas in the colon, the changes are 
more moderate but consistent and independent of the 
stage of production. The taxonomic diversity of the ru-
men after calving is more associated with feed intake, 
milk yield, and feed efficiency than that of the colon. 
However, the composition of the colon microbiota be-
fore calving is more associated with feed efficiency after 
calving than that found in the rumen.
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