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Abstract

The objective of this study was to investigate three storage methods and four storage times

for rumen sampling in terms of quality and yield of extracted metagenomic DNA as well as

the composition of the rumen bacterial community. One Nellore steer fitted with a ruminal sil-

icone-type cannula was used as a donor of ruminal contents. The experiment comprised 11

experimental groups: pellet control (PC), lyophilized control (LC), P-20: pellet stored frozen

at -20˚C for a period of 3, 6, and 12 months, P-80: pellet stored frozen at -80˚C for a period

of 3, 6, and 12 months, and L-20: lyophilized sample stored frozen at -20˚C for a period of 3,

6, and 12 months. Metagenomic DNA concentrations were measured spectrophotometri-

cally and fluorometrically and ion torrent sequencing was used to assess the bacterial com-

munity composition. The L-20 method could not maintain the yield of DNA during storage. In

addition, the P-80 group showed a greater yield of metagenomic DNA than the other groups

after 6 months of storage. Rumen samples stored as pellets (P-20 and P-80) resulted in

lower richness Chao 1, ACE, and Shannon Wiener indices when compared to PC, while LC

and PC were only different in richness ACE. The storage method and storage time influ-

enced the proportions of 14 of 17 phyla identified by sequencing. In the P-20 group, the pro-

portion of Cyanobacteria, Elusimicrobia, Fibrobacteres, Lentisphaerae, Proteobacteria, and

Spirochaetes phyla identified was lower than 1%. In the P-80 group, there was an increase

in the proportion of the Bacteroidetes phylum (p = 0.010); however, the proportion of Actino-

bacteria, Chloroflexi, SR1, Synergistetes, TM7, and WPS.2 phyla were unchanged com-

pared to the PC group (p > 0.05). The class Clostridium was the most abundant in all stored

groups and increased in its proportion, especially in the L-20 group. The rumen sample stor-

age time significantly reduced the yield of metagenomic DNA extracted. Therefore, the
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storage method can influence the abundance of phyla, classes, and bacterial families stud-

ied in rumen samples and affect the richness and diversity index.

Introduction

Ruminants have a complex digestive system, wherein the rumen microbial community plays

important roles in host animal health, productivity, and the environment [1]. Bacterial popula-

tions constituting the higher microbial biomass population are the most active and fermenta-

tive and are considered the most important nutritional component in the rumen microbiome

[2].

Rumen microbial ecosystem studies require new gene-based technologies that overcome

the limitations of culture-based techniques, which provide the accurate and rapid enumeration

of microbial populations. These are essential tools to increase the knowledge related to ruminal

microbial diversity, and to better understand the roles of these microorganisms in the conver-

sion of feed into end products [3–4].

Several studies have demonstrated that the representative rumen microbial community can

be influenced by the DNA extraction method [5–7]. It can also be affected by the sampling

technique of rumen contents and the fractionation of the rumen sample; in addition, sample

handling and collection times can affect the results of bacterial composition studies [6, 8–12].

However, nutritional assays require several experimental time points; in addition, specific

equipment and kits are required for the extraction and quantification of metagenomic DNA

from the rumen sample. Thus, in some places where these technologies are emerging, methods

for the storage of ruminal samples for microbiological analyses, occasionally for several

months depending on experimental conditions and financial resources, are required. To date,

there are no standard rumen sample storage methods used before DNA extraction; however,

the most commonly used among these methods are lyophilisation [6, 13, 14], freezing at -80˚C

[2, 7, 15–18] or at -20˚C [19–22], and the storage of rumen microbial samples as pellets with

the use of buffer solutions [23–28]. However, previously mentioned studies did not refer to the

ruminal sample storage time before the extraction of metagenomic DNA. Thus, great variation

in storage methods can lead to uncertainty regarding the effect of these techniques on the

microbial community structure and the possible bias of published results.

Accordingly, the hypothesis of this study was that the storage method and storage time

could influence the yield and purity of metagenomic DNA obtained and can modify the repre-

sentative rumen bacterial composition. Therefore, the objective of this study was to determine

the possible effects of three storage methods and four storage times on purity and the yield of

extracted metagenomic DNA as well as the composition of the rumen bacterial community.

Materials and methods

This study was carried out in strict accordance with the recommendations in the Brazilian Col-

lege of Animal Experimentation (COBEA—Colégio Brasileiro de Experimentação Animal)

guidelines. The protocol was approved by the Ethics, Bioethics, and Animal Welfare Commit-

tee (CEBEA—Comissão de Ética e Bem Estar Animal) of Facultade de Ciencias Agrarias e

Veterinarias (FCAV) of the Universidade Estadual Paulista (UNESP), Jaboticabal campus, Bra-

zil (Protocol number 07784/14). Ruminal cannulation was conducted 8 months prior to the

experiment under xylazine sedation and local anaesthesia with lidocaine hydrochloride, and

all efforts were made to minimize suffering.
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Rumen sampling and storage method

One Nellore steer (383 kg body weight) fitted with a ruminal silicone-type cannula (diameter

10 cm) was used as a donor of ruminal contents. The animal was maintained grazing an indi-

vidual paddock (Brachiaria brizantha ‘Marandu’) for 30 days with free access to water and a

mineral mixture (containing per kg: 146 g calcium, 40 g phosphorus, 40 g sulphur, 130 g

sodium, 1.35 g copper, 1.04 g manganese, 5 g zinc, 100 mg iodine, 80 mg cobalt, 26 mg sele-

nium; maximum of 800 mg fluor).

Samples (a mix of liquid and solid) from the dorsal, central, and ventral regions of the

rumen were collected through the rumen cannula to form one composite sample (approxi-

mately 4 kg). Rumen samples were placed into a thermo box cooled to 4˚C and transferred to

the laboratory within 15 min.

The rumen samples were homogenized and divided into sixty-six sub-samples of approxi-

mately 60 g each, which were randomly distributed into 11 experimental groups (six repeti-

tions each) as follows. The pellet control (PC) consisted of 60 g of the rumen contents, which

were immediately added to 60 ml of phosphate saline buffer (pH 7.4), stirred vigorously for 3

min and then filtered with a mesh fabric (100 μm). The filtrate was subjected to centrifugation

at 16,000 × g for 10 min at 4˚C. The supernatant was discarded and the remaining pellet was

resuspended in 4 ml of tris-EDTA buffer (10×, pH 8.0). The resuspended content was centri-

fuged at 16,000 × g for 10 min at 4˚C, and the supernatant was discarded. For the lyophilized

control (LC), 60 g of the rumen contents were weighed, immediately frozen at -80˚C during

24 h, and lyophilized for 72 h in a ModulyoD Freeze Dryer (Thermo Electron Corporation,

Nepean, ON, Canada). For the P-20 group, the pellet was stored frozen at -20˚C for a period of

3, 6, and 12 months. For the P-80 group, the pellet was stored frozen at -80˚C for a period of 3,

6, and 12 months. For the L-20 group, the lyophilized sample was stored frozen at -20˚C for a

period of 3, 6 and 12 months.

Metagenomic DNA extraction

A ‘Fast DNA SPIN Kit for Soil’ (MP Bio1, Biomedicals, Illkirch, France) extraction kit was

used to extract metagenomic DNA from 200 mg of sample according to the manufacturer’s

instructions. For PC and LC groups, the metagenomic DNA extraction was performed imme-

diately after obtaining the pellet or after lyophilisation, respectively. In the other groups, meta-

genomic DNA extraction was performed at the indicated storage time for each group (3, 6, or

12 months).

All rumen samples were analysed for dry matter (DM) by drying at 105˚C for 24 h to

express the apparent specific metagenomic DNA yield as mg of DNA per dry weight of rumen

of sample. Metagenomic DNA concentrations were measured spectrophotometrically (Nano-

Drop1 ND-1000 Spectrophotometer, Thermo Fisher Scientific, Waltham, MA, USA) and

fluorometrically (Qubit1 3.0, kit Qubit1 dsDNA Broad Range Assay Kit, Life Technologies,

Carlsbad, CA, USA). The purity of metagenomic DNA was assessed spectrophotometrically at

A260/A230 nm and A260/A280 nm ratios were obtained to indicate contamination of DNA

with buffer salts and organic compounds. Integrity was determined by agarose gel electropho-

resis using a 0.5% (wt/vol) gel, and subsequent staining with ethidium bromide (5 mg/ml).

Amplification and sequencing

Metagenomic DNA samples of similar yield and quality were considered to select three sub-

samples of PC, LC, 12-month stored P-20, 12-month stored P-80, and 12-month stored L-20

groups, for assessment of the bacterial community composition based on gene sequencing of

the V4 region of 16S rRNA.
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Primers for PCR and sequencing that were used in this analysis were described by Caporaso

et al. [29]. Each sample was amplified in triplicate, and each PCR reaction mixture (20 μl final

volume) contained 20 ng of metagenomic DNA, 10 μM of each forward and reverse primers,

1.25 mM of magnesium chloride, 200 μM of dNTP mix (Invitrogen, Carlsbad, CA, USA), 1.0

U platinum Taq DNA polymerase high fidelity (Invitrogen, Carlsbad, CA, USA), high fidelity

PCR buffer [1X], and milli-Q water. Reactions were held at 95˚C for 3 min to denature the

DNA, with amplification proceeding for 40 cycles at 95˚C for 30 s, 53.8˚C for 30 s, and 72˚C

for 45 s; a final extension of 10 min at 72˚C was added to ensure complete amplification.

The expected fragment length of PCR products was verified by agarose gel (1%) electropho-

resis and the amplicon size was estimated by comparison with a 1 kb plus DNA ladder (1 kb

plus DNA ladder, Invitrogen, Carlsbad, CA, USA). The PCR fragments were purified using

the Zymoclean™ Gel DNA Recovery kit following the manufacturer’s instructions. Composite

samples for sequencing were created by combining equimolar ratios of amplicons from the

triplicate samples. Sequencing was performed using the Ion Torrent Personal Genome

Machine (Life Technologies, Carlsbad, CA, USA) using the Ion 314™ Chip Kit v2 at the

Sequencing Facility, Department of Technology of FCAV, Jaboticabal, Brazil.

Data analysis

Sequence data were processed removing adapter using Scythe 0.991 (https://github.com/

vsbuffalo/scythe) and Cutadapt 1.7.1 [30]. Sequence trimming was carried out by selecting

sequences over 200 bp in length with an average quality score greater than 20 based on Phred

quality and duplicate reads were removed using the Prinseq program [31]. We used the Quan-

titative Insights Into Microbial Ecology (QIIME) software package version 1.9.1 to filter reads

and determine Operational Taxonomic Units (OTUs) as described in Caporaso et al. [32]. The

Usearch algorithm was used to cluster the reads OTUs with a 97% cutoff, and to assign the tax-

onomy using the Ribosomal Database Project (RDPII) version 10 [33]. Bacterial sequences

were de-noised and suspected chimeras were removed using the OTUpipe function within

QIIME. Sequence data were were summarized at the phylum, class, and family levels; in addi-

tion, Alpha_diversity.py in QIIME was used to calculate ACE, Chao1, Shannon and Simpson

indices. Principal coordinate analysis (PCoA) was conducted to evaluate differences in com-

munity structure among experimental groups (β-diversity). PCoA was generated using

unweighted Unifrac distance [34] using the R package vegan version 2.0–10.

Statistical analyses were performed with the assistance of R software [35]. Data of metage-

nomic DNA yield and purity were compared between storage method and storage time of

rumen samples using a Friedman’s test and a Dunn’s post-hoc test. Bacterial community com-

position at different phylogenetic levels was compared between experimental groups using a

Kruskal-Wallis test and a Dunn’s post-hoc test. A probability of p< 0.05 was considered sig-

nificant for all tests.

Results

Metagenomic DNA yield and purity

The specific yield (mg DNA/g sample) of metagenomic DNA varied, depending on the sample

storage time and rumen sample storage method used when both were quantified by spectro-

photometry (Fig 1A; p< 0.001) or fluorometry (Fig 1B; p< 0.001). Thus, when the rumen

samples were not stored (PC and LC groups) no effects of the sample storage method were

observed (p> 0.05). However, after 3 months of storage, both pellet sample groups (P-80 and

P-20) showed higher yield than the lyophilized samples at -20˚C (L-20). In addition, the P-80
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group showed a greater yield of metagenomic DNA than the other groups after 6 months of

storage.

Therefore, the L -20 storage method cannot maintain the yield of DNA. At 12 months of

storage for the L-20 group 21.83% of DNA extracted from the LC group was recovered, result-

ing in metagenomic DNA losses of approximately 6.5% per month of rumen sample storage.

Moreover, 73.83% of DNA was recovered from the P-20 group and the P-80 group resulted in

a high (p< 0.001) recovery of 91.83% of DNA obtained from the PC group.

The relative absorbance readings for A 260/A280 nm and A 260/A230 nm (1.89 ± 0.08 and

1.95 ± 0.19 median ± IQR, respectively) were not affected by the time or rumen sample storage

method (p> 0.05). DNA integrity determined by agarose gel apparently was not affected

when the rumen samples were not stored (S1 Fig). However, after 6 months of storage, all

methods showed poor DNA integrity, especially lyophilized samples.

Sequences

Ion Torrent sequencing produced 1,131,462 sequences from the 15 samples. The number of

the generated sequences was not affected by the time or rumen sample storage method

(p> 0.05). The median number of sequences was 76,105 per sample and the average length of

the quality sequences was 354 bp. All rarefaction curves for each sample approached the satu-

ration plateau (S2 Fig).

Fig 1. Apparent specific metagenomic DNA yield (mg g-1 dry weight rumen contents) quantified by spectrophotometry (A) or fluorometry (B) of

three methods and four storage times of ruminal samples. PC = pellet control, LC = lyophilized control, P-20 = pellet stored frozen at -20˚C; P-

80 = pellet stored frozen at -80˚C; L-20 = lyophilized sample stored frozen at -20˚C.

https://doi.org/10.1371/journal.pone.0176701.g001

Table 1. Median and interquartile range of the number of observed operational taxonomic units (OTUs), richness (Chao1 and ACE) and diversity

estimators (Shannon Wiener and Simpson) in pellet control (PC), pellet stored frozen at -20˚C (P-20), pellet stored frozen at -80˚C (P-80), lyophi-

lized control (LC) and lyophilized sample stored frozen at -20˚C (L-20) groups.

PC P-20 P-80 LC L-20 p-value

OTUs 1241 ± 6a 1174 ± 14c 1187 ± 12b 1203 ± 8a 1210 ± 28a 0.017

Chao 1 1272 ± 5a 1206 ± 17b 1211 ± 13b 1249 ± 21a 1214 ± 32b 0.030

ACE 1264 ± 6a 1195 ± 13b 1207 ± 9b 1225 ± 14bc 1237 ± 26a 0.017

Shannon Wiener 8.47 ± 0.1a 8.07 ± 0.1b 8.18 ± 0.1b 8.58 ± 0.1a 8.53 ± 0.1a 0.001

Simpson 0.994 ± 0.1 0.988 ± 0.1 0.989 ± 0.1 0.993 ± 0.1 0.993 ± 0.1 0.281

a, b, c, d = values followed with superscript letters indicate statistical differences (P < 0.05) based on Dunn’s test.

https://doi.org/10.1371/journal.pone.0176701.t001
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The PC group led to the highest richness of the rumen bacterial population (Table 1), char-

acterized by the highest number of observed species and the highest value of ACE and Chao 1

(p< 0.05) when compared to P-20 and P-80 groups, while LC and PC were only different in

richness ACE (p = 0.017). Meanwhile, the lyophilized groups presented lower OTUs remain-

ing after the pipeline (lyophilized 66% vs pellet 71%).

Bacterial community composition

The comparison of the bacterial communities by principal coordinate analysis (PCoA) using

the weighted Unifrac distance (Fig 2), explains 85% of the variation in the data and confirmed

a separation between PC group and both pellet sample groups (P-80 and P-20), while the L -20

storage group was more distant from another groups.

Sequencing the V4 region of 16S rRNA gene allowed for the detection of 17 phyla in all

groups (S1 Table). Bacteroidetes, Firmicutes, Fibrobacteres, Tenericutes, and Cyanobacteria
phyla were the most abundant in all samples and accounted for over 88% of the total bacterial

community (Fig 3). Storage method and storage time showed an effect on the relative

Fig 2. Weighted Unifrac diversity principal coordinate analysis (PCoA) to explore dissimilarities in

microbial composition among pellet control (purple triangle), pellet stored frozen at -20˚C (blue

triangle) pellet stored frozen at -80˚C (orange triangle), lyophilized control (green circle) and

lyophilized sample stored frozen at -20˚C (red square) groups.

https://doi.org/10.1371/journal.pone.0176701.g002
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abundance of 14 of the 17 phyla detected by sequencing. Only SR1 (0.46%), TM7 (0.14%), and

Synergistetes (0.05%) phyla were not influenced by sample storage time and rumen sample

storage method (p> 0.05).

The PC group presented a higher abundance of Cyanobacteria, Fibrobacteres, Lenti-

sphaerae, Proteobacteria, and Spirochaetes and a lower abundance of Bacteroidetes, Chloro-

flexi, and Firmicutes phyla when compared to the LC group (p< 0.05).

The abundance of the Cyanobacteria, Elusimicrobia, Fibrobacteres, Lentisphaerae, Proteo-

bacteria, and Spirochaetes phyla were lower (< 1%) in the P-20 group compared to the PC

Fig 3. Abundance of operational taxonomic units (%) classified at the phylum level in pellet control (PC), pellet stored frozen at -20˚C

(P-20) pellet stored frozen at -80˚C (P-80), lyophilized control (LC) and lyophilized sample stored frozen at -20˚C (L-20) groups.

Others = sum of Actinobacteria, Chloroflexi, Elusimicrobia, Lentisphaerae, Planctomycetes, SR1, Synergistetes, TM7, Verrucomicrobia, WPS-2,

Fusobacteria, and Armatimonadetes. n = 3 samples per group. P-20, P-80 and L-20 groups were stored for 12 months.

https://doi.org/10.1371/journal.pone.0176701.g003
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group (p< 0.05). Additionally, the abundance of the Bacteroidetes phylum was significantly

higher in the P-80 group (p = 0.010), and in this group, Actinobacteria, Chloroflexi, SR1,

Synergistetes, TM7, and WPS.2 phyla were not changed in their proportions when compared

to those in the PC group (p> 0.05).

In contrast, samples of the L-20 group showed higher abundance of Firmicutes and Teneri-

cutes phyla (p< 0.05) and only Chloroflexi, Cyanobacteria, SR1, Spirochaetes, Synergistetes,

TM7, Verrucomicrobia, and WPS.2 phyla were unchanged in terms of their proportions when

compared to those in the LC group (p> 0.05).

For the Firmicutes phylum, the Clostridium class was the most abundant, and a higher

abundance was observed in all 12-month stored groups resulted, especially in the L-20 group

(Table 2). At the family level, seven families were identified in the Firmicutes phylum (Fig 4B),

and Ruminococcaceae, Lachnospiraceae, and Veillonellaceae, were the most abundant. Only

the Lachnospiraceae family showed similar abundance in all groups sequenced (p = 0.071).

There were no differences in the abundance of Ruminococcaceae when the rumen content

was not stored (PC = 8.03% and LC = 9.74%). However, for both groups stored at -20˚C higher

abundance was observed when compared to that in the other groups (p = 0.019; L-20 = 14.67%

and P-20 = 13.02%). Higher abundance of Ruminococcaceae was also observed in the P-80

group (10.31%), but only when compared to that in the PC group.

In addition, in the Proteobacteria phylum, the α-proteobacteria class was the most repre-

sentative in all experimental groups. The PC group showed a higher proportion of this class

when compared to that in the LC group (p = 0,009). However, the type of storage method

resulted in a reduction in this class of bacteria, especially in the P-20 group, which resulted in

the disappearance of ε proteobacteria class and the genus Campylobacter, the only genus iden-

tified within this class.

In the Bacteroidetes phylum, six families were detected, and only Bacteroidaceae was not

influenced by sample storage time and rumen sample storage method (P = 0.095; Fig 4A).

Table 2. Median and interquartile range of the of the abundance of operational taxonomic units classified at the class level in pellet control (PC),

pellet stored frozen at -20˚C (P-20), pellet stored frozen at -80˚C (P-80), lyophilized control (LC) and lyophilized sample stored frozen at -20˚C (L-20)

group.

Pl Class level PC P-20 P-80 LC L-20 p-value

B Bacteroidia 38.12 ± 1.3d 51.02 ± 1.4b 53.19 ± 1.1a 46.34 ± 1.5c 32.03 ± 1.7e 0.010

C 4C0d-2 2.82 ± 0.1a 0.08 ± 0.1d 0.93 ± 0.2c 2.23 ± 0.3b 2.17 ± 0.2b 0.012

Fb Fibrobacteria 5.02 ± 0.3a 0.11 ± 0.1e 1.32 ± 0.3d 4.38 ± 0.3b 3.54 ± 0.5c 0.009

Fi Bacilli 0.020 ± 0.0 0.040 ± 0.0 0.018 ± 0.0 0.017 ± 0.0 0.020 ± 0.0 0.134

Fi Clostridia 28.51 ± 0.2c 37.32 ± 1.2b 34.63 ± 2.4b 30.09 ± 1.7c 47.81 ± 0.8a 0.011

Fi Erysipelotrichi 2.29 ± 0.2a 0.63 ± 0.2b 0.73 ± 0.1b 0.82 ± 0.1b 1.19 ± 0.2a 0.021

P α-proteobacteria 5.38 ± 0.9a 0.18 ± 0.1e 0.84 ± 0.2d 2.74 ± 0.3b 1.41 ± 0.3c 0.009

P β-proteobacteria 0.06 ± 0.1 0.05 ± 0.0 0.02 ± 0.0 0.14 ± 0.2 0.09 ± 0.0 0.085

P δ-proteobacteria 0.63 ± 0.1a 0.22 ± 0.1b 0.41 ± 0.1ab 0.20 ± 0.1bc 0.11 ± 0.0c 0.025

P ε-proteobacteria 0.06 ± 0.0a NI d 0.01 ± 0.0c 0.03 ± 0.0b 0.01 ± 0.0c 0.010

P γ-proteobacteria 0.40 ± 0.1a 0.02 ± 0.0c 0.13 ± 0.1b 0.31 ± 0.1a 0.12 ± 0.1b 0.017

S MVP.15 0.19 ± 0.0a 0.05 ± 0.0b 0.05 ± 0.0b 0.06 ± 0.0b 0.04 ± 0.0b 0.050

S Spirochaetes 3.69 ± 0.6a 0.62 ± 0.1d 1.24 ± 0.3c 2.04 ± 0.2b 2.08 ± 0.5b 0.015

T Mollicutes 4.76 ± 0.4b 4.41 ± 0.7bc 3.76 ± 0.7c 4.93 ± 0.4b 6.43 ± 0.9a 0.031

T RF3 0.27 ± 0.0a 0.05 ± 0.0d 0.09 ± 0.0c 0.09 ± 0.0c 0.19 ± 0.0b 0.014

Pl = phylum level, B = Bacteroidetes, C = Cyanobacteria, Fb = Fibrobacteres, Fi = Firmicutes, P = Proteobacteria, S = Spirochaetes, T = Tenericutes.
a, b, c, d, e = values followed with superscript letters indicate statistical differences (p < 0.05) based on Dunn’s test.

https://doi.org/10.1371/journal.pone.0176701.t002
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However, the abundance of the Prevotellaceae family, the most abundant bacterial family in

this phylum, was not changed when the rumen content was not stored (PC = 17.54% and

LC = 20.80%), was higher in both pellet groups (P-20 = 31.60% and P-80 = 34.25), and was

lower in the L-20 group (15.84%). In contrast, the Veillonellaceae family showed a lower abun-

dance in both groups stored at -20˚C (P = 0.034; L-20 = 0.63% and P-20: 0.90%) when com-

pared to that in the PC (2.24%) and P-80 (3.65%) groups; however, its proportion in the LC

group (1.41%) was lower only when compared to that in the P-80 group.

Discussion

Understanding the influence of sample storage time and rumen sample storage method on

ruminal bacterial composition has great importance to determine the ideal approach for stud-

ies on ruminal microbiology and for maximum comparability of results. In this study, three

storage methods and four storage times were evaluated based on quality parameters and yield

of metagenomic DNA extracted as well as the composition of the rumen bacterial community.

Our results showed that the storage time of the ruminal sample can significantly reduce the

yield of metagenomic DNA extracted. All storage methods showed differences in the rumen

bacterial community proportions at the phylum, class, and family levels. Therefore, the

hypothesis that the storage method and sample storage time could influence the yield and

quality of metagenomic DNA obtained and modify the rumen bacterial composition was

confirmed.

It is known that the predominant bacterial mass is adhered to ruminal fibrous particles [3,

36, 37]. Thus, to collect and conserve those particles would result in a high yield of metage-

nomic DNA in lyophilized samples. However, the procedure for obtaining the pellet was suffi-

cient to remove microorganisms adhered to these particles resulting in a similar apparent

metagenomic DNA yield in the PC and LC groups.

Fig 4. Abundance of operational taxonomic units (%) classified at the family level from (A) Bacteroidetes and (B) Firmicutes phyla, in pellet

control (PC), pellet stored frozen at -20˚C (P-20), pellet stored frozen at -80˚C (P-80), lyophilized control (LC) and lyophilized sample stored

frozen at -20˚C (L-20) groups. * = statistical differences (P < 0.05) by Dunn’s test. n = 3 samples per group. P-20, P-80 and L-20 groups were stored

during 12 months.

https://doi.org/10.1371/journal.pone.0176701.g004
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When the rumen bacterial community was studied, the PC group showed differences in

bacterial proportions classified at the level of phylum, class, and family compared to those in

the LC group. This difference is most clearly shown in principal coordinate analyses, and sug-

gested that in the rumen samples, even without storage and similar yield and integrity DNA,

the type of rumen sample processing before the extraction of metagenomic DNA can influence

the final result of the rumen microbial population studies. Is plausible that these differences

are due to the different detachment of different microbes from particles during the processing.

This highlights the importance standardizing the processing method for rumen samples in

microbiological labs and in the scientific community to allow for comparability of results.

Despite the similar apparent metagenomic DNA yield between methods at time 0 of stor-

age, the high percentage of metagenomic DNA loss in the L-20 group during storage makes

this method less suitable when ruminal samples must be stored for over three months. In addi-

tion, in this study, samples stored as L-20 showed a significant reduction in three of the most

abundant bacterial phyla in the rumen, specifically, Bacteroidetes, Fibrobacteres, and Proteo-

bacteria. In contrast, the lower OTU% values remaining after the pipeline for lyophilized

groups suggest that this storage method results in a higher proportion of poorly sequenced

passages and yields low quality or sequenced portions of very small size. Lyophilisation is

widely used in the maintenance of different organisms; however, it is known that the steps

comprising this process are capable of causing injury or cellular damage and changes in cell

membrane permeability [38, 39]

The P-20 group resulted in a lower conservation efficiency because although it had metage-

nomic DNA loss lower than that of the L-20 group, P-20 resulted in a striking reduction in the

proportion several bacterial phyla and the total disappearance of the ε proteobacteria class.

These results indicate the low conservation efficiency of this storage method and the high sen-

sitivity of these microorganisms to rumen sample storage. Freezer storage at -20˚C is one of

the most simple and inexpensive maintenance methods, which is based on a significant reduc-

tion in cell metabolism [40]. However, its disadvantage is that it appears to result in reduced

viability of some microorganisms, due to damage to cells from the formation of ice crystals

and the electrolytic variation in the temperature range used [39].

In contrast, despite the fact that the P-80 group was able to maintain metagenomic DNA

yield for up to 6 months of storage, this group showed decreases in total number of OTU rich-

ness, as well as Chao 1, ACE, and Shannon Wiener indices when compared to those in the PC

group. These variables are important measures that can be used to evaluate the efficiency of

DNA extraction from different samples. Generally, more OTUs and higher richness and diver-

sity indices could represent more species within samples [41].

In addition, our results of bacterial diversity using the Nellore bovine rumen showed high

abundance of Bacteroidetes phylum, followed by the Firmicutes phylum. This finding was con-

sistent with a previous study on the rumen of Zebu cattle [42, 43] and buffalo [44, 45]. How-

ever, in our study the storage of the rumen sample was able to change the proportion of these

bacterial phyla, mainly in the L-20 group. These results, differ from those of Fliegerova et al.

[12] wherein the storage temperature and the use of cryoprotectant additives did not influence

the quantification of Firmicutes and Bacteroidetes.

In ruminants, Firmicutes is a relatively dominant rumen phylum, performing essential

functions in energy conversion [40]. Previous studies have indicated that during metagenomic

DNA extraction, these microorganisms are more resistant to mechanical lysis [6]. In our

study, regardless of the storage method, there were increases in the proportions of this phylum

in stored groups when compared to groups that did not undergo storage, which might indicate

low sensitivity of the microorganism to sample storage. These results also suggest that when
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the rumen samples undergo storage before metagenomic DNA extraction, the abundance of

the Firmicutes phylum, and specifically the Clostridia class, could be favoured.

Lachnospiraceae and Ruminococcaceae families are the most abundant in intestinal envi-

ronments [46] and are highly specialized in the degradation of complex cellulose and hemi-

cellulose of plant material [47]. Although they are considered phylogenetically similar, the

Ruminococcaceae family was favoured by the storage of the rumen sample, whereas the

Lachnospiraceae family was not affected. These results show that even though these micro-

organisms belong to the same phylum, these families have sensitivity differences to freezing

per se and storage method. Thus, comparisons of results from studies in which the storage

time and storage techniques of the ruminal samples are different should be done with

caution.

Moreover, it is not advisable to store rumen samples when studying specific groups that

show high sensitivity to storage, such as bacteria of the Fibrobacteres phylum; this microbial

group is considered the most important phylum for the degradation of cellulosic plant biomass

in the guts of herbivores [48] and has been greatly studied for its high industrial potential in

the production of cellulases [49].

The lowest apparent yield of metagenomic DNA, assessed by fluorometry when compared

to evaluation by spectrophotometry, can be due to the UV absorbance readings measuring

molecules that absorb at 260 nm, including simple DNA and RNA tapes [50]. As the use of

fluorophores results in the generation of a fluorescent signal upon binding to double-stranded

DNA, such results will be more accurate than those obtained using methods employing a spe-

cific wavelength. Furthermore, the fluorescence can be deactivated by co-reagents or materials

extracted from the rumen together with metagenomic DNA [6].

Additionally, the relative absorbance readings at A260/A280 nm and A260/A 230 nm have

significance for most molecular biology techniques because they are used for the determina-

tion of metagenomic DNA purity [6, 50]. Our results showed that the purity of metagenomic

DNA extracted after all storage methods and storage times was similar, suggesting that this

variable is marginally affected by storage of the rumen sample.

Conclusion

The results of this study suggest that the tested methods of storage for rumen contents influ-

ence the yield of extracted metagenomic DNA as well as results of analysis of the rumen bacte-

rial community composition. The rumen sample storage time can significantly reduce the

yield of metagenomic DNA. The storage method can influence the abundance of specific

phyla, classes, and bacterial families studied in rumen samples. It can also affect the richness

and diversity indices. Ruminal sample storage at temperatures of -20˚C is not recommended

because this method resulted in lower microbial conservation efficiency, which was demon-

strated by the reduction or disappearance of some phyla and classes of bacteria in the sample.

In addition, it must be emphasized that the comparison of results from studies in which time

and storage techniques of ruminal samples are different should be avoided.
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22. Vargas-Bello-Pérez E, Cancino-Padilla N, Romero J, Garnsworthy PC. Quantitative analysis of ruminal

bacterial populations involved in lipid metabolism in dairy cows fed different vegetable oils. Animal.

2016; 5:1–8.

Bacterial community are affected by the time and storage method of the rumen content

PLOS ONE | https://doi.org/10.1371/journal.pone.0176701 April 28, 2017 13 / 15

https://doi.org/10.1007/s11033-007-9079-1
https://doi.org/10.1007/s11033-007-9079-1
http://www.ncbi.nlm.nih.gov/pubmed/17484038
http://www.ncbi.nlm.nih.gov/pubmed/15152600
https://doi.org/10.1371/journal.pone.0074787
http://www.ncbi.nlm.nih.gov/pubmed/24040342
https://doi.org/10.1007/s11274-012-1183-2
http://www.ncbi.nlm.nih.gov/pubmed/23054703
https://doi.org/10.1007/s00248-009-9609-6
http://www.ncbi.nlm.nih.gov/pubmed/20037795
https://doi.org/10.1371/journal.pone.0048289
http://www.ncbi.nlm.nih.gov/pubmed/23144861
https://doi.org/10.2527/jas.2012-5265
http://www.ncbi.nlm.nih.gov/pubmed/23100580
https://doi.org/10.1016/j.anaerobe.2013.09.015
https://doi.org/10.1016/j.anaerobe.2013.09.015
http://www.ncbi.nlm.nih.gov/pubmed/24125910
https://doi.org/10.2527/jas.2015-9547
http://www.ncbi.nlm.nih.gov/pubmed/26641057
https://doi.org/10.3945/jn.112.158576
https://doi.org/10.3945/jn.112.158576
http://www.ncbi.nlm.nih.gov/pubmed/22739367
https://doi.org/10.1017/S1751731111002102
https://doi.org/10.1017/S1751731111002102
http://www.ncbi.nlm.nih.gov/pubmed/22558929
https://doi.org/10.5713/ajas.15.0091
https://doi.org/10.5713/ajas.15.0091
http://www.ncbi.nlm.nih.gov/pubmed/26194220
https://doi.org/10.1017/S1751731109990462
https://doi.org/10.1017/S1751731109990462
http://www.ncbi.nlm.nih.gov/pubmed/22444989
https://doi.org/10.1128/AEM.00388-10
http://www.ncbi.nlm.nih.gov/pubmed/20851965
https://doi.org/10.1007/s11250-015-0809-4
http://www.ncbi.nlm.nih.gov/pubmed/25851930
https://doi.org/10.1371/journal.pone.0176701


23. Patel DD, Patel AK, Parmar NR, Shah TM, Patel JB, Pandya PR, et al. Microbial and Carbohydrate

Active Enzyme profile of buffalo rumen metagenome and their alteration in response to variation in the

diet. Gene. 2014; 545(1):88–94. https://doi.org/10.1016/j.gene.2014.05.003 PMID: 24797613

24. Ribeiro CS, Granja-Salcedo YT, Messana JD, Neto AJ, Canesin RC, Fiorentini G, et al. Feeding

increasing concentrate to Tifton 85 hay ratios modulated rumen fermentation and microbiota in Nellore

feedlot steers. J Agric Sci. 2015; 153:1116–1127.

25. Ribeiro Júnior CS, Messana JD, Granja-Salcedo YT, Canesin RC, Fiorentini G, San Vito E, et al.

Parameters of fermentation and rumen microbiota of Nellore steers fed with different proportions of con-

centrate in fresh sugarcane containing diets. Arch Anim Nutr. 2016; 70(5):402–15. https://doi.org/10.

1080/1745039X.2016.1206737 PMID: 27415825

26. Granja-Salcedo YT, Ribeiro Júnior CS, de Jesus RB, Gomez-Insuasti AS, Rivera AR, Messana JD,

et al. Effect of different levels of concentrate on ruminal microorganisms and rumen fermentation in Nel-

lore steers. Arch Anim Nutr. 2016; 70(1): 17–32. https://doi.org/10.1080/1745039X.2015.1117562

PMID: 26654381

27. Messana JD, Carvalho ALGF, Ribeiro AF, Fiorentini G, Castagnino PS, Granja-Salcedo YT, et al.

Effects of different sources of forage in high-concentrate diets on fermentation parameters, ruminal bio-

hydrogenation and microbiota in Nellore feedlot steers. J Agric Sci. 2016; 154: 928–941.

28. San Vito E, Messana JD, Castagnino PS, Granja-Salcedo YT, Dallantoina EE, Berchielli TT. Effect of

crude glycerin in supplement on the intake, rumen fermentation, and microbial profile of Nellore steers

grazing tropical grass. Liv Sci. 2016;

29. Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA et al. Global patterns of 16S rRNA

diversity at a depth of millions of sequences per sample. PNAS. 2011; 108: supl. 1 4516–4522.

30. Martin M. Cutadapt removes adapter sequences from high-throughput sequencing reads. EMBnet.jour-

nal. 2011; 17(1), 10–12.

31. Schmieder R, Edwards R. Quality control and preprocessing of metagenomic datasets. Bioinformatics.

2011; 27 (6): 863–864. https://doi.org/10.1093/bioinformatics/btr026 PMID: 21278185

32. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD et al. QIIME allows analysis of high-

throughput community sequencing data. Nat Methods. 2010; 7: 335–336. https://doi.org/10.1038/

nmeth.f.303 PMID: 20383131

33. Cole JR, Wang Q, Fish JA, Chai B, McGarrel DM et al. Ribosomal Database Project: data and tools for

high throughput rRNA analysis. Nucleic Acids Res. 2014; 42(Database issue): D633–D642. https://doi.

org/10.1093/nar/gkt1244 PMID: 24288368

34. Lozupone C, Hamady M, Knight R. UniFrac–an online tool for comparing microbial community diversity

in a phylogenetic context. BMC Bioinformatics. 2006; 7: 371. https://doi.org/10.1186/1471-2105-7-371

PMID: 16893466

35. R version 3.2.2, The R Foundation for Statistical Computing, Austria.

36. Minato H, Endo A, Ootomo Y, Uemura T. Ecological treatise of the rumen fermentation. II. The amylo-

lytic and cellulolytic activities of the fractionated bacterial portions attached to the rumen solids. J Gen

Appl Microbiol. 1966; 12:53–69

37. McAllister TA, Bae HD, Jones GA, Cheng KJ. Microbial attachment and feed digestion in the rumen. J

Anim Sci. 1994; 72(11): 3004–3018. PMID: 7730196

38. Morgan CA, Herman N, White PA, Vesey G. Preservation of microorganisms by drying—a review. J

Microbiol Methods. 2006; 66(2): 183–193. https://doi.org/10.1016/j.mimet.2006.02.017 PMID:

16632005

39. Kumar S, Kashyap PL, Singh R, Srivastava AK. Preservation and Maintenance of Microbial Cultures.

In: Arora DK, Das S, Sukumar M, editors. Analyzing Microbes. Berlin Heidelberg: Springer-Verlag,

2012.

40. Kirsop BE, Doyle A. Maintenance of microorganisms and culture cells: a manual of laboratory methods,

2nd ed. London: Academic, 1991.

41. Chen YB, Lan DL, Tang C, Yang XN, Li J. Effect of DNA Extraction Methods on the Apparent Structure

of Yak Rumen Microbial Communities as Revealed by 16S rDNA Sequencing. Pol J Microbiol. 2015;

64(1): 29–36. PMID: 26094313

42. de Oliveira MN, Jewell KA, Freitas FS, Benjamin LA, Tótola MR, Borges AC, et al. Characterizing the
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